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Malignant lymphoma of the tonsil occurs Avith sufficient fre- 
quency to merit careful attention and study, particularly as it is 
liable to run a rapid and fatal course. The initial symptoms are 
rather uniform but unless we be on our guard they may not lead 
us to suspect the serious nature of the condition. During the past 
15 years there have been admitted to the Collis P. Huntington 
Memorial Hospital 236 patients suffering from malignant disease 
of the tonsil— of them 28 (11,8%) were proved by biopsy to be 
pialignant lymphoma of one form or another. These statistics are 
1 A agreement with those of New and Childrey^ who found 

14.55% “lymphosarcoma” of the tonsil and nasopharynx among 
h* malignant disease originating in these regions. It 

should be noted, however, that their figures include tumors of the 
nasopharynx, while ours are strictly confined to those arising in the 
tonsillar region. 
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111 this jiajier bc present an aiiaiysis of these 28 cases, together 
with 5) others personally ohservcrl in either private practice or otlier 
hospital clinics. 

'J'lie clinical conrse of malignant lymphoma of the tonsil varies 
markcflly as the following hi.storics indicate. 

Cash 1. — A. B. (11. IP. .3.‘t-807). This Go-year-old married Italian was 
admitted to tiie hospital on jMarch 13, 1033. The past and. family historj^ 
were irrelevant. Three months before admission he noticed a painless him)) 
in his throat on swallowing. He cxi)erienced no real inconvenience, however, 
until 2 months later when he began to have increasing difficulty in swallow- 
ing and rai.sed from time to time con.siderable amounts of blood-strealced, 
purulent sinitum. Tlic.so .«ymptom.s increased steadily and for the 6 days 
prior to admission it had been virtually im})ossiblc for the iiatient to swallow 
at all. During his ilhie.«s he had lost 35 pounds, i)rcsumnbly because of 
malnutrition conserjuent. upon dy.spl)agia. There were no other noteworthy 
sjnnptoms. 

_ Physical^ examination on admission revealed an emaciated man, occa- 
sionally raising a small amount of blood}* sputum. There was moderate 
dy.spnca. A firm, reddish, irregular, ulcerated, bleeding mass occupied 
the region of the right tonsil and extended Iieyond in the rnidline, pushing 
the UAuila and soft ))alatc before it. No enlarged hnnpli nodes were felt 
either in the nock or elsewhere. The physical examination was otherwise 
normal. 

A portion of the tonsillar tumor was removed for microscopic examination. 
It (S-33-540) showed destruction of the normal Ijnnph node architecture 
and a diffuse infiltration with large Ijunphocytes. Mitoses were moderately 
frequent. Diagnosis Ijunphocytoma. 

The patient’s rcsiiiratorj* distress grew ra))idly worse and the day after 
entr}* a tracheotomy was performed and COO 11 units of high voltage Roent- 
gen-ray were given over the right side of the neck. The patient ran an 
irregular fever up to 104° F. and repeatedly coughed U)) large amounts 
of sanguinopurulent material. There developed dullnc.ss in the right back 
from the base of the lung to the spine of the scajiula. Over this dull area 
there was diminished tactile and vocal fremitus and distant bronchial 
breathing. A chest tap revealed no pleural fluid. A Roentgen ray film 
of the chest showed "mottled dullness at base of right lung— probably 
pneumonia.” The patient grew steadily worse and died on March 22, 
1933, 3 months after his first symptoms, and 9 days after admission to the 
hospital. The autopsy (H. II. A-33-57.5) showed Ijanphocytoma of the 
right tonsil and bilateral pneumonia. There were no local or distant meta- 
stases from the original tumor. Death appeared to be due to an inhalation 
pneumonia. The case illustrates the great rapidity with which this dis- 
ease may be fatal without obvious extension beyond the original site. 

Case 4.— H. R. (H. H. 26-1191), male 53, was admitted to the hospital 
on October 8, 1926 with the chief complaint of a swelling inside his throat. 
Two months before entrj* he noticed a small, painless lump in the region 
of his left tonsil. A reddish-gray membrane soon formed over it and the 
mass grew rapidly in size. A month later his voice became hoarse and he 
had occasional twinges of rather severe pain in his left ear and left temporal 
region. There had been no general symptoms, but during the past month 
swallowing had become increasingly difficult, and as a result he had eaten 
less and less. Since the onset of sj*mptoms he had lost 12 pounds. 

On admission, phj'sical examination Avas essentially normal except for 
the presence of a firm, pinkish mass 4 cm. in diameter occupying the left 
tonsillar fossa. The tumor was covered with a graj*i.sh, sloughing membrane. 
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Tliere were no Ijnni)h nodes jwlpable in the neck or elsewhere, nor were 
there found any otlier noteworthy almonnalities. Bio])sy (S-2C-2090) 
revealed it to be Hodgkin’s disease. 

Six seeds of 2 me. each were inserted directly into the tumor. Three 
weeks later tlie mass was much smaller and 10 seeds, i me. each, were 
placed in the remaining tissue. After 6 weeks the original tumor had 
entirely disappeared, but there was found an enlarged l 3 nnph node at the 
angle of the jaw measuring 3 by 4 cm. This was treated with high-voltage 
Roentgen ray. In Janiiarj’', 1927, 3 months after entrance to the hospital, 
his general condition seemed definitelj’- worse. There were manj’’ .small, 
firm Ijnnph nodes in the left neck and he had occasional shooting pains to 
his left ear and temporal region. Radium in moderate dosage was applied 
externally over the enlarged nodes without beneficial effect. Both breathing 
and swallowing became increasinglj’- difficult. The patient lost w'eight 
rapidlj’^ and, although no distant metastases could be detected, he died 
Februarj’’ 20, 1927, 6 months after his first sjTuptoms had appeared. There 
was no autopsj". . 

Case 12.— S. 0. (H. H. 30-1180), a 67-j'ear-old married woman, w^as 
admitted to the hospital on September 17, 1930. Her chief complaint w'as 
sore throat. For 2 months she had noticed a lump in her throat but it 
had given her no trouble until a month before entry" wiien she began to have 
some pain on sw'allowing. A week later she noticed a nmss in her right 
neck. There had been no other sjanptoms and the patient’s general health 
w"as good. On entrance both tonsils were found to be enlarged. The right 
tonsil projected beyond the midline and presented an irregular, but non- 
ulcerated, surface. There w'as a firm, 1 cm. l 5 anph node in the right sub- 
maxillarj" area and in both axilla; and both epitrochlear regions similar 
small IjTTiph nodes could be felt. Otherwise phj'sical examination show’ed 
no notable abnormalities. Both tonsils were removed with diatherinj" 
and the patient given high-voltage Roentgen ra}" to the cervical region. 
Examination of the excised tonsils (S-30-2462) show’ed them to be replaced 
by a IjTnphocjdoma. 

The patient responded w'ell to treatment and in November, 1930, 2 
months later, was entirely free of symptoms. The ceiwical Ijunpli nodes 
had disappeared and there w'as no return of either tonsillar tumor. 

In June, 1931, 8 months after admission, there was found on routine 
examination a firm, non-tender, rounded mass in the right flank about the 
level of the umbilicus. This was believed to be a mass of enlarged 
lymph nodes. There w"as no w^eight loss nor anj" sjanptoms. A month later, 
howTver, she noticed an enlarged lymph node in the right neck and experi- 
enced considerable pain in her right ear. High-voltage Roentgen ray 
treatments were given over the right neck. The cervical nodes responded 
well to treatment, but in July, 1931, a month later, she returned complain- 
ing of pain in the right upper quadrant. There was, at this time, no return 
of the tonsillar tumor but a lemon-sized mass could be definitely felt in 
the right upper quadrant and in each groin w"ere several soft, non-tender 
lymph nodes. There bad been a loss of 5 pounds. 

There was a satisfactory response to Roentgen ray therapy to the pos- 
terior abdomen with a shrinkage of the enlarged nodes and a complete 
alleviation of the abdominal pain. In October, 1931, 3 months later, a 
considerable number of ljunph nodes appeared in both sides of her neck, 
in both epitrochlear regions and in the left axilla and in each groin several 
large, firm, painless nodes were discovered. 1000 R units of Roentgen raj" 
were giveir to the neck, 900 to each axilla and 900 to each groin. Two W"eeks 
later there was noted a' most satisfactory response. All masses had decreased 
markedly in size and the patient felt considerably better. In November, 
1931, a number of small shotty masses appeared subcutaneously in both 
upper eyelids. These were treated with radium with definite improvement. 
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From this time onward, however, the patient grew steadilj’^ worse. Large 
masses of h'lnpli nodes apjjeared in the left groin resulting in marked edema 
of the corresponding leg. There developed considerable discomfort in the 
epigastrium and in spite of Roentgen ray therapy to the posterior abdomen, 
900 R units, the patient died on January S, 1932, 1 year and 4 months 
after her first s 3 'mptoms were noticed. In contrast to the first 2 cases, 
the disease soon became ver}' widespread, but it should be noted tliat the 
total duration of the disease was longer rather than shorter than in those 
patients whose sjTnpfoms and signs remained relatively localized. 

Case 19. — D. L. (II. H. 30-5S2), a 73-j’car-old married woman, entered 
the hospital ]\Iaj’ 5, 1930, with the complaint of a “growth on the right 
neck.” For G months she had noticed a gradually increasing growth in her 
right neck. Aside from an accompanjdng loss of strength, not inconsistent 
with her advancing age, she had no other sjmiptoms. Examination at the 
time of admission revealed a well-nourished woman of 73. The right tonsil 
was markedlj' enlarged and extended bejmnd the midline. The tumor 
was pale pmk in color, the surface smooth, and not ulcerated. In consist- 
ence the t\imor was rubberj’. The left tonsil appeared normal. Beneath 
the right mandible was a firm mass 5 bj' 3 cm. Examination of the tonsillar 
tumor (S-30-1229) showed it to be a IjTnphocjdoma. Iligh-voltage Roent- 
gen raj' in moderate dosage over the neck was instituted and within a 
month all nodes and the tonsillar tumor had disappeared. In December, 
1930, 7 months after her admission, .she was in excellent condition, but in 
Februarj', 1931, in spite of the fact that she was sjnnptom free, it was noted 
that the spleen, I^^e^^ously not enlarged, extended a few cm. below the 
umbilicus on inspiration. Seven hundred R. units of Roentgen ray were 
given over the splenic area but no notable improvement ensued. The 
patient lost 10 pounds in spite of good appetite. The spleen did not dimin- 
ish in size. There was no return of the tonsillar tumor, nor were there anj' 
Ijunph nodes palpable in the neck. Nine months later, the spleen was 
easilj' felt at the iliac crest, j'et within the next 2 months, without anj' 
specific treatment whatever, it had receded beneath the ribs. The patient 
continued to feel as well as a person of her age normallj' would. In June, 
1932, the spleen once more became palpable 3 cm. below' the ribs and in 
each upper ej'elid beneath the skin were found a number of small shot- 
like masses. There was moderate exophthalmos of the right eye. Radium 
w'as applied to the eyelids with excellent results and complete disappearance 
of the masses, but in August, 1932, the spleen had still further enlarged 
and was found to extend almost to the iliac crest once more. The patient 
continued to feel well but had lost 20 pounds. There had been no return 
of the local tonsillar tumor, nor any recurrence of the ceiwucal nodes, inien 
last seen 3| years from her initial sj'mptoms, she appeared to be in excellent 
health, although the spleen remained greatly enlarged. 

Case 26. — G. B. (H. H. 19-668), a 54-j'ear-old man, was first admitted 
to the hospital on August 20, 1919. His chief complaint was sore throat 
of several weeks’ duration. There w'ere no other symptoms. Examination 
revealed a pedunculated, ulcerated mass, the size of a small cherrj',_spring- 
ing from the left tonsillar fossa. There W'ere no other abnormafities on 
physical examination. The mass w'as excised and 7 seeds of 1 me. each 
were inserted into the tonsiUar fossa and the base of the tongue. The 
specimen {S-19-662) show'ed lymphocytoma. There w'as diffuse infiltra- 
tion of the tissue wdth small lymphocytes. Mitoses were fairly frequent. 
So far as could be learned there was no recurrence of the tumor until August, 
1932, 13 j’ears later. At that time there w'as found to be a soft, ulcerated 
growth occupying the left tonsillar fossa and filling the entire nasopharynx. 
A second biopsy (S-3^1509) show'ed essentially the same picture as that 
seen 13 j'ears before. Twenty-one hundred R units of Roentgen ray were 
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given over tlie cervical region and wnthin 2 weelis the mass had entirely dis- 
appeared. A month later, however, the patient returned with marked 
ascites. The liver could be felt 3 cm. below the ribs. A large, soft nodule was 
felt in the rectum. Tv^elve hundred R units of Roentgen ray were given over 
the posterior abdomen with rapid diminution of the ascites. But 2 weeks 
later the patient seemed much weaker and a purpUsh red infiltrated area 
8 cm. in diameter had appeared in the sldn over the sternum. The patient 
grew steadily worse, hj’^drothorax developed, the ascites increased and the 
patient died on June 15, 1933, 13 j'cars and 10 months after his original 
tumor was discovered and 10 months after the recurrence. The mitopsy 
(S-33-1021) showed Ijunphosarcoma invohdng the cervical nodes, pancreas, 
gall bladder, pericardium, diaphragm, omentum, large intestine and ureters. 

Case 27.— E. K. (H. H. 21-1118), a married man of 46, entered the 
hospital on September 21, 1921, complaining of a recurrent growth in his 
tliroat. In 1918, he had had a painless tumor_ removed from the left ton- 
sillar fossa. This proved to be a slowl 3 ’- growing plasmacytoma. A year 
later a similar mass was removed from the right tonsillar fossa. This also 
w^as a plasmacytoma. The patient w'as then free from symptoms until 
Januarj’-, 1921, wdien he once more noted a mass in his throat. The tumor 
grew rapidlj’’ and soon caused some obstruction to swallowing. 

In January, 1926, Si years after the removal of the first tumor, he com- 
plained of pain radiating dowm the outer side of his right leg. There W'ere 
no si^s of the original tumor. A Roentgen ray film of the lumbar and 
sacroiliac regions show^ed no abnormalities. 

In March, 1926, there w'as a return of the tumor in the left tonsillar fossa 
and a few bean-sized ljunph nodes were found in the neck. 

In October, 1926, he complained of severe pain in the chest and a loose, 
troublesome cough. Roentgen ray examination of the chest show'ed for 
the first time, S-J- years after the initial tonsillar tumor, circular areas of 
diminished density throughout the ribs and pelvis, suggestive of multiple 
myeloma. Bence-Jones protein was found in the urine. He improved 
under Roentgen therapy but graduall}’’ a definite anemia developed, he 
became w'eaker and the cough, temporarily aIle^Iated by Roentgen therapy, 
reappeared in an aggravated form. There was no return of the initial 
tonsillar tumor. 

In October, 1928, he had a severe nosebleed for wliich no further cause 
could be found than a small ulceration on the septum. This bleeding con- 
tinued intermittently until his death. The Roentgen ray findings at this 
time were typical of multiple ra 5 ''eloma, widely diffused throughout the 
flat bones. From this point onward the course was progressively doivnward 
and he died February 2, 1929, 10| years after the removal of the first tumor. 
Autopsy (H. H. 29-338) showed multiple myeloma involving the ribs, 
radius and lumbar vertebrse, hypertrophy and dilatation of the heart, 
. generalized arteriosclerosis and chronic nephritis. This case has been more 
fuUy described elsewhere.^ 

These case histories are representative of the various courses 
w'hich the disease under consideration may run. It is apparent 
that like other forms of lymphoma the progress is extremely variable 
and unpredictable, although practically alw'ays dowmhill to death. 

From a pathologic viewpoint (Table 1), among the 37 cases, 
reticulum-cell sarcoma was found 16 times, lymphocytoma 13, 
Hodgkin’s disease 4, lymphosarcoma 2 and giant follicle and plasma- 
cytoma each once. This proportion differs considerably from that 
in our entire series of malignant lymphoma, data upon wdiich are 
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shortly to be published. Broadly speakiiiK, Hodgkin’s disease 
comprises some 40% of all lymphoma,* in eontrast to a scant 10% 
among those arising in the tonsil. On the other hand, Ijnnpho- 
cytoma and lymphosarcoma comprise but 30% in the general 
grou]) and 43% in the tonsil group. While the tonsil series is, of 
course, .small, it would appear that Hodgkin’s disease arising in this 
region is rare and l.\nnphocytoma and reticulum-cell sarcoma rela- 
tively common. 

Taulk 1. — P.vnioi.oGic Tvi>kh. 



No. 

rases. 

Median. 

Age. 

Kxireini's. 

Median 
(bitr of 
flrath 
(yr«.). 

.Alive 
after 
10 yrs. 

Ilcticulum-ccll sarcoma 

. IG 

50. C 

20-83 

i.ot 

0 

Lymphocytoma .... 

13 

57.1 

12-72 

l.(U 

3 

Lymphosarcoma 

2 

17.0 


0 4 

0 

Hodgkin's disease 

4 

53.5 

•11-79 

l.G 

0 

Plasmoma 

1 

43.0 


10. 0 

1 

Giant follicle ... 

1 

G7.0 


1.4 

0 


The age distribution (Table 2), shows that the peak incidence 
occurred in the 7th decade and that 02% occur between the ages of 
40 and GO. The disease is rare in the 3d and -1th decade. Children 
under 10 arc seldom admitted to the Imspital, from which these 


10-19 

20-29 

.30-39 

40-19 


Taiilb 2.— Age Incidence. 

. . 0 60-59 

. 5 C0-G9 

1 70-79 

2 S0-S9 

, . G 


10 

5 
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data were largely obtained, and our statistics should, therefore, 
not be construed as indicating that the disease does not occur in 
this age group. The age distribution of the various types of lymjih- 
oma showed wide variations. The median age for each major group 
was approximately the same, namely, reticulum-cell sarcoma 56.G, 
lymphocytoma 57.1, Hodgkin’s disease 53.5. But while reticulum- 
cell sarcoma Avas found to be cpiite eA’^enly distributed from 20 to 
83 years of age, lymphocytoma Avas not found in the 3d and 4th 
decades, the greatest number occurring betAA’een 10 and 20 and 
again betAveen 50 and 72 years. The 4 Hodgkin’s cases AA'ere all 
OA^er 40 years. As Avould ■ be expected both rapidly adA^ancing 
lymphosarcomas AA^ere found in the second decade and the single 
case of plasmoiha in the fiftli decade. 

* The inclusion of IIodKkin’s disease as a lymphoma iS not acceptable to many 
• authorities. It is suggested that it be recognized as a mem her of the group of lympho- 
matoid diseases. (See J. Am. Med. Assn., in press.) Editor. 

t One patient died of recurrence 9.3 years after the initial tumor; 1 was alive and 
well 7.4 years after the initial tumor. 

t One patient died of recurrence 13.5 years after the initial tumor; 2 were alive 
and well 11 and 18 years, respectively, after the initial tumor. 
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Of the entire series 21 (56.8%) were males; 16 (43.2%) were 
females. New and Childrey found that 75% of their “lympho- 
sarcomas” were males. 

Table 3. — First Symptom. 

Sore throat 

Swelling of tonsil . 0 

Swelling of neck ..." H 

Dj'sphagia 4 

Deafness 1 

Bloody sputum 1 


The first symptoms noted hy the patients were comparatii’ely 
few in number. From Table 3 it may be seen that sore throat, 
often of weeks’ duration, was the commonest symptom, while a 
“lump” in the throat or in the neck were the next most common. 
Dysphagia was the first symptom in 4 cases. Thus, 65% of the 
first symptoms might properly be directly referred to the throat. 
Any sore throat of considerable duration should, therefore, cause 
the practitioner to consider the possibility of lymphoma with serious 
consequences to come. 

In general it may be said that the sjmiptomatology of the various 
pathologic tjqies does differ to a certain extent. Thus 11 of the 16 
patients with reticulum-cell sarcoma complained of pain, while but 
2 of the 13 with ljTnphocji;oma had pain of any moment. This is 
in accord with the sjanptomatology which we ha^’^e found in the 
IjTiiphoma group as a whole. Reticulum-cell sarcoma is probably 
the most painful form of Ijonphoma of the tonsil. It is doubtful, 
however, whether one coidd make a differential diagnosis between 
the various types of lymphoma on the basis of physical signs and 
sjonptoms alone. Indeed, it is questionable whether lymphoma of 
the tonsil can be surely differentiated from carcinoma without 
biopsy. 

That in the early stages the disease advances apace is apparent 
from the fact that while on the average patients reported to the 
clinic within 4 months from the time they were first troubled, yet 
on admission several new symptoms had appeared and the incidence 
of such symptonjs as had been noted initially was markedly in- 
creased (Table 4). Lymph nodes in the neck, complained of as a 
first symptom in but 11 cases, had become sufficiently prominent 
to be noticed by the patient on admission in 22 instances. In a 
similar manner, while dysphagia was the first symptom noted in 
but 4 cases, it ivas a prominent complaint in 9 instances at the time 
of admission to the hospital, at which time fatigue was complained 
of by 4 patients. Five patients had already lost weight. In view 
of the prognostic import of local and distant metastases (a subject 
referred to in detail later) this rapidity of advance of the disease 
early in its course should constantly be borne in mind. 
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Table 4.— Symptoms on Entbancb. 

Sore throat 

Swelling of tonsil 

Swelling of neck 

Dysphagia 

Deafness 

Bloody sputum 

Fatigue 

Hoarseness t . . 

Loss of weight 


17 

13 

22 

9 

3 

3 

4 
3 

5 


The tumor Avas accurately described in 31 cases. It invariably 
occupied the tonsillar fossa, was always notably enlarged and often 
extended beyond the midline, pushing the innila and soft palate 
before it and causing in 9 cases dyspJiagia of greater or less degree. 
In consistence, the tumor was rubbery, firm or hard in all but 2 
cases, in which it was soft and friable. The mass Avas definitely 
ulcerated in 12 instances. In the remainder the tumor was smooth 
or slightly irregular but definitely not ulcerated; in but 1 (Case 2G) 
Avas there a pedicle. The tumor in this case AA-as excised and 7 gold 
seeds, 1 me. each, inserted into the base of the mass. The tumor 
reappeared at the same site 13 years later. It is possible that in 
this instance the recurrence A\'as in reality a second and entirely 
independent tumor. In general, the color of the mass Avas described 
as pink or oj^alescent and in G cases there Avas definite membrane 
coA'ering its surface. 


Well 

3 

1 

1 

2 

1 


Table 5.— PnooNO.sis of Gnour as a tVnoLE. 


Patients livinK = 8 
Averago life = uyrs. 


Pnlicnts (lend = 29 
AvcrnKc life = 2.5 jtb. 


ATs. Well Yrs. 

1 1 5 

2 2 10 

5 

10 

18 


The prognosis of the group as a whole is, of course, bad (Table 5). 
Only 1 of the series (Case 27, H. H. 18-406) appears to be cured, 
as he is free from signs and symptoms noAV, 18 years after the 
appearance of the initial tumor. Of the 8 patients aliA^e at the 
present time (July, 1935), but 4 haAm surviA’-ed the 5-year period. 
The aAmrage duration of life among those who succumbed to the 
disease Avas 2.5 years, but it should be noted that 2 patients surAUAmd 
10 years yet died of a recurrence of their original disease; so that 
contrary to the rule in certain other malignant tumors, a Amry 
prolonged period of freedom from signs and sjmiptoms must ensue 
before one can be certain that an actual cure has resulted. 

At the time of admission to the hospital 12 patients had neither 
local nor distant metastases, 17 had enlarged lymph nodes in the 
neck and only 8 had generalized lymphadenopathy. Thus, in over 
67 % of the cases metastases had already occurred when the patient 
was first seen. Tins is in general agreement with the findings of 
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New and Cliildrey. In their series, 59% liad cervical glands when 
first seen. 

As is to be expected the presence or absence of inetastases at the 
time of treatment appeared to have a definite relation to the dura- 
tion of the disease. Thus, 42 % of those patients who showed neither 
local nor distant lymph nodes lived over 3 years and 25 % lived more 
than 10 years. The average duration to death in this group was 5.3 
years, and 2 of this group died of unrelated diseases, 1 of cardiac 
decompensation and 1 of cancer of the cervix. On the other hand, 
but 33% of those who had local cervical mCtastases lived over 3 
years and but 1 lived over 5 years. The average duration to death 
in this group was 1.7 years and, further, it should be added that 1 
died of coronary thrombosis and 1 of tertiary syphilis. Those with 
generalized or distant Ijunphadenopathy fared still worse. The 
average duration of life in this group was 1 year. No patient in 
this group lived more than 2^ years. It can be said, therefore, 
that the more general the involvement the worse the prognosis. 
That other factors enter in, however, is attested to by the fact that 
of the 12 patients who had no cervical or distant metastases at the 
time of treatment, 4 died in less than 1 year from the first appearance 
of symptoms. In 1 instance death was due to intercurrent pneu- 
monia, directly traceable to the oral lesion. In the other 2, death 
appeared to be brought about by the dysphagia and pain of a very 
malignant and radiosensitive tumor. As in other forms of lymphoma 
there is great difficulty in predicting at the onset the subsequent 
course of the disease. 

There would appear to be little difference in the prognosis among 
the various pathologic tjqjes. The median date of death in each 
major group was approximately the same— less than 1| years. It 
is to be noted, however (Table 1), that 1 patient with reticulum- 
cell sarcoma died of recurrence 9.3 years after the initial tumor and 
that 1 was alive, although still presenting evidence of the disease, 
over 7 years after the first symptom. In a similar manner, although 
the median date of death among the Ijunphocytoma group was 1.6 
years, 1 patient died of a recurrence after 13 years, and 2 patients 
were alive and well 11 and 18 years respectively after the onset of 
the condition. It can thus be seen that too sweeping generalities 
must not be applied to the individual case. 

The number of mitoses per oil-immersion field gave, in a general 
way, some indication of the prognosis. Thus those tumors which 
showed 10 mitoses per oil-immersion field were fatal in less than 6 
months; those which showed but 5 were fatal on the average in 1| 
years; those which showed but 1 mitosis or less caused death in 
3 years or over. Sufficient exceptions to these rules were found, 
however, to render it unsafe to be dogmatic as to prognosis on the 
basis of mitoses alone. 

The treatment given was so varied as to be impossible to sum- 
marize. Nor can it be said on the basis of the data on hand that 
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one type of treatment seemed more en'cetivc than anotlier. In 
general, during the earlier years (101.0-] 925) gold seeds numbering 
4 to 12 and containing 1 me. were inserted into the tumor and an 
additional dose of radium was given over the affected lymph nodes. 
In later years, seeds were occasionally used and the patient in 
addition was given successive high-voltage (220 Kv.) Roentgen ray 
treatments amounting to from GOO to 800 R. Local recurrence and 
distant metastases were treated alike and radiation in similar 
rather moderate dosage was given as metastases occurred. 

In almost all instances the original mass responded well to treat- 
ment. This initial radiosensitivity, we believe, is most decej)tivc 
and in the light of the very early recurrence in the majority of 
instances we would now advocate heavier dosage as in the case of 
carcinoma. In 17 instances the response was regarded as excellent; 
that is, the original tumor and local lymj)h nodes, if any, disappeared 
completely in the course of 1 or 3 weeks. In S cases the re.sponse 
was fair, in 3 poor and in 2, (Cases 25 and 10), there was no visible 
effect on the tumor. The first of these latter ))atients lived 14 
months, the second but 4 months. 

In general, it may be said that the better the original response 
the greater the likelihood of the patient surviving a relatively long 
period of time. But that this rule is not invariable is shown by the 
fact that 1 patient (Case 14), whose response to his initial treatment 
was regarded as excellent, died with cachexia, dysphagia and severe 
pain 5 months later, and another (Case 17), whose initial response 
was poor, was still alive 2 years and 4 months later. In spite of the 
relatively favorable response in the vast majority of instances, 
local recurrence took place rapidly in most cases, on the average 
in 4.5 months. In 38% of the cases local recurrence was noted in 
less than 3 months, and in G7 % of those patients who ultimately had 
distant metastases they were first noted Avithin 9 months from the 
first treatment. 

As has been said, local recurrence is common but in 44% of those 
AA'ho died there AA^as no spread beyond the pharynx, nasopharynx 
and cervical nodes. Death in these instances is to be attributed to 
the dysphagia and to the attendant pain Avhich in some instances 
Avas very severe, requiring the constant administration of opiates. 
In 2 instances (Cases 15 and 25), there dcA’-eloped a Horner’s 
syndrome and in one of these (Case 25) there Avere repeated 
attacks of Ammiting, bradycardia, exophthalmos and fainting. These 
attacks became more frequent and of longer duration. The patient 
finally died in syncope. In 56% of the patients aa4io died the dis- 
ease became generalized. Distant Ijunph nodes, the spleen and 
liA^er Avere frequently invoRed. One case developed classical acute 
lymphatic leukemia. Any or all organs may be inAmRed in the 
process and the disease then takes on the characteristics of general- 
ized lymphoma and must be treated as such. In 3 cases there A\'as 
AAudespread nodular involvement of the skin. In Case 27, already 
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summarized above, a plasmacytoma of the tonsil metastasized 8 
years later to the osseous system and the patient died with the 
classical symptoms of multiple myeloma. 

Summary. 1. In 15 years there have been admitted. to the 
Huntington Hospital 236 cases of malignant disease of the tonsil. 
Of these 28 (11.8%) were proven to be malignant Ijmiphoma of one 
type or another. 

2. The most prominent symptoms initially noted by the patients 
were persistent sore throat, swelling Avithin the throat and enlarge- 
ment of the cervical Ijunph nodes. 

3. Of these patients 56% developed generalized Ijunphoma. 

4. The excellence or rapidity of the immediate response to radia- 
tion is no index of the ultimate outcome. 

5. The average duration of life from the onset to death was 2.6 
years, the median 1.4 years, and the extremes were 3 months and 
13 years. 

6. One patient Avas alh'-e 5 years, 2 10 years and 1 alh’^e and free 
from sjTnptoms 18 years after the onset. 

7. The absence of local lymph nodes at the time of treatment is, 
in general, of good prognostic import. 

8. Lymphoma of the tonsil should be regarded as but one type 
of malignant lymphoma and the ultimate Avidespread inAmlvement 
seen in manj’’ patients must constantly be borne in mind. 

9. It is suggested that those patients be treated as if they had 
carcinoma of the tonsil; that is, with A^ery heaA’’y initial radiation 
with comparable doses for recurrences. 
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I. IRON AND ITS UTILIZATION IN EXPERIMENTAL 

ANEMIA.* 

By G. H. Whipple, M.D.,- 

AND 

• F. S. Robscheit-Robbins, Ph.D., 

ROCHESTER, N. Y. 

(From the Department of Pathology, The University of Rochester School of Medicine 

and Dentistry.) 

It AA'ould seem that the reaction of iron in anemia should be 
delightfully simple and direct. There is a lack of iron and when 

We are indebted to Dr. David Loeser, of the Loeser Laboratory, for a liberal 
supply of colloidal iron for intravenous use. 
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alisorbcd or injected it should go directly into upbuilding of the 
large hemoglobin molecule which thereupon is incorporated into the 
red cell. The reasons why the reaction is so often confusing, unex- 
pected and difficult of explanation arc subject to debate, but one 
may at least suspect- that iron is concerned in the complex reaction 
within organ cells between various organs and comprehending body 
fluids— a reaction we name internal metabolism. 

A monument erected to commemorate developments in iron 
metabolism would be, indeed, a Tower of Babel. Voices would 
be raised to convince us that metallic, reduced or inorganic iron is 
utilized differently and less effectively than organic or food iron.. 
Again claims are put forward that ferrous iron^ is utilized to greater 
advantage than ferric iron. Some investigators believe that copper 
is necessary for the utilization of iron.® Others believe that much 
more iron is taken into the body from the intestine than is utilized 
and that much of this is e.xcreted as a surplus via the large bowel. 
Iron balance exjierimcnts, of course, do not tell us whether some of 
the iron is taken into the body and then eliminated in the feces, 
as it all may go through the intestine and escape in the feces. 

Many different types of anemia have been studied. Human 
anemias obviously arc complicated by innumerable variables which 
ma}’^ confuse the picture. E.xperimental anemia due to food defi- 
ciencies in rats has been much studied by Myers and associates,^ 
by Hart, Steenbock, Elvehjem and associates.®-'’ Other investi- 
gators have used anemias due to blood destruction or blood with- 
drawal. Some of the confusion in this voluminous literature is due 
to an attempt to apply findings in one tj-pe of anemia to a totally 
different tj'pe of anemia. Some related papers have been covered 
in an earlier report.” 

Experiments with iron feeding are unsatisfactory in many 
respects whether the iron is contained within the food or given as 
a soluble salt, as there is no accurate measure of iron absorption. 
It is conceivable that the absorption of iron may be profoundly 
influenced by simultaneous food intake, digestive activity and bile 
factors or the actual need for iron within the body. Study of the 
feces gives us no help, as some of the iron may go into the body 
and subsequently be eliminated via the large bowel in the feces. 
E^ddence is accumulating to indicate that many slight disturbances 
of internal metabolism may modify the utilization of iron to make 
new hemoglobin in experimental anemia in the dog, due to blood 
withdrawal. 

It is not appropriate to discuss the therapy of human anemias 
but we wish to refer to an excellent paper by Heath, Strauss and 
Castle.® hluch of the recent literature of hypochromic anemia is 
rexdewed there. Iron administered parenterally, they state, gives ' 
a production of new hemoglobin which corresponds closely to a 
quantitative return. Their observations on human cases, therefore, 
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are in accord with the observations in simple experimental anemia 
given below. 

When one gives iron intravenously'’ in an experiment there is 
certainty that the iron, at least for a time, is within the circulation 
and body tissues. By no other means can one be sure of a given 
amount of iron gaining access to the internal body metabolism and 
estimates relating to Fe absorbed from the intestine are always 
indirect and give ample opportunity for debate and doubt. Our 
last report” dealing with iron feeding exiieriments was unsatisfactory 
to us because of the uncertainty relating to iron absorption. 

For this reason we used intravenous iron, but this does not imply 
our belief that in human anemia this type of therapy is best. In 
certain tj'pes of human anemia where abnormalities of the intestinal 
tract may impair absorption, intravenous iron may be helpful but 
it should always be used with caution. 

Methods. The routine care of these anemic dogs has been described in 
earlier publications''’”— also the preparation of the standard salmon bread 
■wliich contains wheat flour, potato starch, cane sugar, canned salmon 
and tomato, cod-liver oil, yeast and a salt mixture. The iron content of this 
bread as used is 4.68 mg. per 100 gm.— the average of many analyses. 

A^et figures for hemoglobin production are given in all tables — for example, 
if a given dog produces 7 gm. of new hemoglobin per week during long 
bread control periods of 8 to 12 weeks and during iron feeding produces a 
total of 85 gm. hemoglobin during a 5-week period, we deduct 3o'gm. for 
the basal bread output, lea-ving 50 gm. which are credited to the iron feed- 
ing. The iron feeding usually occupies a 2-week period ■with at least 
3 weeks' after-period to include the “carry over” of surplus hemoglobin 
output which follows the Fe feeding period (compare Table 1). 

The hemoglobin level in the blood by means of blood 'U'ithdrawal is kept 
as constant as possible usually •within 5% of the anemia level of 45% 
(100% = 13.8 gm. hemoglobin). If the anemia level at the start is 47% 
hemoglobin and at the end of the test period is 43%, we deduct 4 gm. 
hemoglobin from the total output to adjust the level to the original 47%. 
In these dogs a change of 1% hemoglobin reading is equivalent to a little 
more than 1 gm. hemoglobin in circulation at this anemia level. 

Various iron salts have been used in these and other experiments, and 
Table 3 _ gives some illustrative experiments. These iron salts are fed 
mixed with the salmon bread, but the potency is related to the amount 
of Fe in any given salt or mixture. 

Intravenous iron may cause serious trouble and even death if used 
carelessly or if the material is not properly prepared. We are indebted to 
Dr. David Loeser, of the Loeser Laboratory, for a liberal supply of Fe(OH )3 
in colloidal solution, which in these experiments has never given any 
untoward effects even when given in large amounts (Table 5) . 

Experimental Observations. We would emphasize the fact that 
these dogs which are subjects for iron therapy are in an excellent 
state of nutrition and activity in spite of a relatively severe anemia 
with a hemoglobin level of 40 to 50%, as compared with the normal 
level for these dogs of 130 to 150% hemoglobin, where 100% is 
equivalent to 13.8 gm. hemoglobin. The anemia level is maintained 
as nearly constant as possible by blood withdrawal and the removed 
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hemoglobin is credited to that particular week. Presumably the’ 
stimulus for hemoglobin and red cell production is a sustained 
maximum, but the appetite is unimpaired and intestinal absorption 
is normal. These dogs remain clinically normal and in weight 
equilibrium for years and many animals liavc continuous anemia 
histories for 8 to 12 years. These dogs would seem to be ideal 
subjects for the ex])erimcnts dealing with iron absorption and 
utilization in anemia due to blood witlidrawal. 


Taui.f. 1.— InoN BY Mouth in Optimum and Laiige Doses. Liveii Plus Iron 

Summation Eitkct. 


Dog 30-117. 


Di(‘l poriods, 1 wet'k each. 

Food, Krnnis per day. i 

! 

1 l'oo<l 

I CODS., 

1 c' 

! 

i 

kK. 

INasrna 

vol., 

re. 

, U.U.C., 
j mil. 

1 

lilood 

nil. 

k-vtl, 
7c . 

Hb. 

! n'lnov. 

bird, 

I Kin. 

Fc, 40 inp.; br., 450; salni., 100; Kl., 40 , 

100 

14.1 

910 

5.3 

; 

1 48 ' 

30.2 

Fe, 40 mp.; br., 450; salin., 100; Kl.,40 | 

1 

100 

14.2 

917 

. 4.9 

1 

1 58 ; 

19.0 

Bread, 450; salm., 100; Kl., 40 . . .j 

100 

14.4 

914 

i 5.0 

Cl 

20.0 

Bread, 450; salm., 100; Kl., 40 • • j 

100 

14.1 

son 

i 4.0 i 

49 

21.8 


, I ' 

Basal output, 10 pm. lib. per wk. Total netHb.output 

t I 


- CO pm. ! Total = OS 


Fe, 400 rap.; br., 450; salm., 100; Kl.,40 

i 100 

14.9 

1 SSC 

7.0, 

73 

44.8 

Fe, 400mp.; br., 450; salm., 100; Kl.,40 

100 

j 14.9 

1 804 

0 2 

58 

54.4 

Bread, 450; salm., 100; Kl., 40 

100 

, 15.0 

1 909 

5.1 

57 

14,2 

Bread, 450; salm., 100; Kl., 40 

100 

i 15 4 

1 900 

4.0 

08 

13.4 

Broad, 450; salm., 100; ICl., 40 

100 

15.4 

1 S93 

1 

4.0 

50 

10.3 

Tot. 'll j 

i 

netHb.^output 

i 1 

j 

j 87 gm. 

j Total 

1 

j= 137 

Fe, 400 mg.; p. liver, 300; br., 300 

100 

13.9 

f I 

842 

0.4 

[ C4 1 

[00.5 

Fe, 400 mg.; p. liver, 300; br., 300 

100 

13.9 

852 

5.8 

01 

41.3 

Bread, 450; salm., 100; Kl., 40 

100 

14.2 

861 

0.0 

51 

58.5 

Broad, 450; salm., 100; Kl., 40 

100 

14.3 

864 

4.0 

57 

21.8 

Bread, 450; salm., 100; Kl., 40 

100 

14.8 

936 

4.6 

45 

24 0 

Liver control = 99 gm. Hb. Total i 

aetHb. ' 

ouCputj 

j 

150 gm. 

Total 

= 200 


Br. = salmon bread; salm. = canned salmon; Kl. = milk powder (Klim). 
Fe piven as ferric citrate. 


Table 1 gives three separate experiments done upon the same dog 
and we observe that the food consumption is 100% throughout; 
the body weight is subject to slight fluctuations and the plasma 
volume is relatively constant even in the face of heavy blood 
■withdrawal. This dog during long control periods put out 10 gm. 
hemoglobin eacli week while on the control diet of salmon bread 
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plus canned salmon plus “ Klim,” a skim milk powder. Therefore, 
from the total hemoglobin removal each 4- or 5-week period we 
subtract 40 or 50 gm. to get the true net effect of the iron or liver, 
as the case may be. This dog’s standard reaction to 300 gm. pig 
liver daily per 2-week feeding is 99 gm. hemoglobin. In Table 1 
the effect of adding 40 mg. Fe to the basal ration daily for 2 weeks 
is 60 gm. hemoglobin and of feeding 400 mg. Fe daily for 2 weeks is 
87 gm. hemoglobin production. Tlie first dose of 40 mg. Fe daily 
we call the optimum dose because it seems to be the amount of Fe 
which added to the basal diet is utilized to the best advantage. 
Probably smaller doses would be utilized to equal advantage, but 
the return in hemoglobin is smaller and the chance of error in esti- 
mation because of physiologic variables is obviously larger. As the 
dose is rapidly increased the utilization falls off and 400 ing. Fe daily 
(10 times the optimum dose) gives less than twice the return in 
new hemoglobin. 


Table 2. — Ihon by Motjth. Compamson of Vabious Ihon Salts. 


Doe 

No. 

Iron intake and Iiemoglobin output per 2 u 

ecks’ feeding. 

Hemoglobin 
output per 

2 wks. feeding 
liver, 

300 gm. daily, 
gm. 

Typo of iron 
salt. 

Fc. 

daily 

dose, 

mg. 

Hemoglobin 
output clue 
to iron, 
gm. 

Percentage 
of Fc 

appearing ns 
hemoglobin. 

26-104 . . . 

Ferrous sulphate 

40 

48 

29.0 

89 

26-164 . . . 

Ferrous sulphate 

400 

79 

4.7 

89 

29-326 . . . 

Reduced iron 

40 

33 

20.0 

69 

29-326 . . . 

Reduced iron 

400 

65 

3.9 

69 

30-121 . . . 

Reduced iron 

40 

49 

29.0 

87 

30-121 . . . 

Reduced iron 

400 

57 

3.4 

87 

27-240 . . , 

Iron cit. scales 

40 

54 

32.0 

97 

30-115 . . . 

Iron cit". scales 

400 

92 

5.5 

118 

27-238 . . . 

Fer. am. cit. green 

40 

46 

28.0 • 


27-238 . . , 

Fer. am. cit. green 

400 

75 

4.5 



Much has been written about the availability of various iron 
salts, in the ferrous or ferric form, in the reduced state, as organic 
or inorganic salts, but in spite of all this work, sharp differences of 
opinion are to be found in the literature. Under the conditions of 
these ej^eriments there appears to be no difference as to what 
soluble iron salt is used. Table 2 gives some typical experiments 
and the determining factor is the amount of the metal itself. Many 
other experiments with different iron salts have been done from time 
to tirne and some have been reported in earlier publications.^ The 
experiments in Table 3 should be mentioned at this time, an.d with 
few exceptions the iron used in these experiments was in the form 
of ferric citrate scales. 

^ One particular dog (29-326), in Table 2, should be reviewed, as 
It differs so conspicuously from the average. This dog is healthy 
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valid lias been continuous]}- anemic under observation for 3 years 
and during all this time has been uniformly subnormal in its reaction 
to standard diets and iron therapy. On tlic average, from large 
numbers of cx])erimcnts,® it is found that tlie anemic dog averages 
a net hemoglobin output of 95 to 100 gm. as tlie result of feeding 
300 gm. pig liver rlaily for 2 U'echs. Likewise approxiiUvately the 
same figure, an output of 90 to 95 gm. of hemoglobin, is observed 
in experiments in Avbich Fe, 400 mg., daily is given for 2 weeks. 
Average figures for the optimum intake of iron— Fc, 40 mg., daily 
for 2 weeks— show an output of about 55 gm. hemoglobin. Altliough 
Dog 29-326, Table 2, is uniformly low in its hemoglobin output on 
standard diets, the ratios arc as indicated in the average dog. Its 
hemoglobin output due to liver is 69 gm., the output due to iron 
(400 mg. daily) is Go gtn. hemoglobin, and the output due to the 
optimum dose of iron (40 mg. daily) is 33 gm. hemoglobin. Other 
dogs will show a consistent hemoglobin production mucli above 
normal— compare Dog 24-45, Table 3. AYe have some e.xperiments 
to indicate that a dog r.aised on a favorable diet (liver) is apt to be 
permanently more actii-c in subsequent hemoglobin regeneration 
than is the case in dogs raised on salmon bread and milk. We have 
no final comment rekative to these individual phi’siologic peculiari- 
ties except to add that some dogs can run faster and further than 
others. To say that one dog has a physiologic mechanism that 
is more or less efficient in producing new hemoglobin, as compared 
with the average, gives little comfort to the immstigator, but it is 
not an unfamilivar situation in physiology. 


Table 3.~Ino.v by Mouth. Summation- Dob to Liveb Plus Ibon akd Liver 

Control. 


Don 

No. 


Iron intake and Hb. output per 
2 feedine. 


ms. 


Hemoglobin output per 
2 wks.’ feeding. 


Fe, j Hemoglobin , pejeentage of 
daily , output due j oppc.aring 
dose, 1 to iron, , jj;,. 


gni. 


j Hemoglobin ' Iron, dOO nig., 
output due to plus 

I liver alone, liver, 300 gin., 
I 300 gin. daily. ( daily. 


24-89 . . . . ' 

400 

87 

5.2 



27-238 .... 

40 

49 

20.0 


1 

27-238 .... 

400 

80 

4.3 



27-238 

450 

74 

. 3.5 

109 


27-234 . . . . ' 

40 

72 

39.0 

125 

27-234 .... 1 

400 



93 

27-234 . . . . : 

400 

117 

7.0 

129 

30-115 .... 

40 

49 

20.0 

118 


30-115 . . . . ' 

400 

102 

5.5 

118 


24-45 . . . . ; 

40 

95 

57.0 

121 


24-45 . . . . ' 

400 

154 

9.2 

121 

176 

27-236 . . . . j 

400 

92 

- 5.5 

77 

118 


Dog. 30-115 spleneotomizcd. 
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Table 3 gives more experimental data related to the feeding of 
iron by mouth. The summation of iron and liver is well show in 
the latter half of Table 3. These dogs when given liver, 300 gm., 
and iron, 400 mg., daily for 2 weeks show an average production 
of 141 gm. hemoglobin. From iron, 400 mg., alone the average 
figure is 93 gm. hemoglobin. From liver, 300 gm., alone the average 
figure is 97 gm. hemoglobin. If we allow one-half of the liver pro- 
duction, or 4S gm. hemoglobin, plus 93 gm. hemoglobin from iron, 
we get the figure 141 for the summation which is much too perfect 
an agreement but at least supports the theory of summation due 
to organic and inorganic factors. This summation effect has been 
pointed out in an earlier paper.® It was found that whole liver 
ash contains about one-half the potency of whole liver, and in the 
face of maximum iron intake it seems unlikelj’’ that additional iron 
coming from the liver would have much if any added effect, so for 
the summation effect we calculate only one-half the total liver 
potency of 97 gm. hemoglobin. 

It may be permissible to estimate the absorption of iron in 
Tables 2 and 3 from the output of hemoglobin in the several experi- 
ments. We may compute the amount of iron contained in the 
new-formed hemoglobin on the basis of 10 mg. Fe = 3 gm. hemo- 
globin and the fourth column in Table 3 shows the percentage of 
iron in the new hemoglobin related to the iron given by mouth, 
and we may call this the 'percentage utilization of the iron. For the 
40-mg. Fe daily intake for a 2-week period, the average percentage 
appearing as new hemoglobin is 35%, and the average net hemo- 
globin production is 55 gm. For the larger dose of iron (400 mg. Fe) 
the average percentage utilization is 5.3% and the average net 
hemoglobin production is 91 gm. This, of course, is net hemoglobin 
production over and above the output due to the standard basal 
ration. 

In spite of every effort to maintain rmiform conditions in these 
dogs, we observe some variation in hemoglobin output in repeat 
experiments. We must attribute these changes in reaction to un- 
known physiologic variables, but the average values are reasonably 
constant and have some significance. 

Table 4 shows the influence of salrqon bread feeding alone upon 
hemoglobin regeneration,. Practically all of these dogs have been 
carefully standardized on salmon bread diet for continuous periods 
of 10 to 15 weeks. Many of these dogs are unusually active in 
hemoglobin regeneration and are now more active than during 
earlier periods as reported in previous publications. The reasons 
for this cannot be detailed at this time but will be reviewed soon in 
another publication. 

We may take the figures for hemoglobin regeneration and express 
them in terms of Fe, as shown in Column 5, Table 4. When we 
compare this figure with the iron contained in the food (salmon 
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bread) we see an average of 40% niUhation of tliis food iron. It 
• seems certain that otlier salts have a slight but definite cfi'ect upon 
hemoglobin regeneration and certainly protein fractions have a 
definite effect. It is impossible to state how effective this food 
iron is as compared with the optimum dose of Fe (Tables 2 and 3), 
which is given as 35% utilization. It is proper to inquire as to the 
percentage utilization of iron when given in the liver feeding. Liver 
as fed contains IS mg. Fe per 100 gm. fresh tissue. The dog on 
300 gm. liver daily for 2 weeks receives 75G mg. Fe. The average 
net hemoglobin output is 100 gm. which is equivalent to 335 mg. Fe, 
or a 44% utilization of iron. It is probable that the food iron 
utilization is not unlike the utilization of iron salts in optimum 
dosage as given in these exjjcrimcnts, but too many factors come in 
to make any dogmatic statement on this imjmrtant point. 

Table -I.— Theoretical Utilization of Fe in Salmon Bread. 



.•\toouot of 

Iron intake 

Henioiilobin 

HeiiioKlobin 

Katio, 

Dor No, 

' S, lircad 

in bread 

output 

output as To 

Fe output in Hb. 

fed, 

per \veek» 

per week, 

per week, 

to intake in food. 


RIO. 

inK. 

Kin. 

n>K. 


26-16-1 

250 

S3 

6 

20 

24 

26-102 

200 

06 

10 

34 

52 

26-102 

275 

90 

10 

.34 

38 

27-230 . . 

275 

90 

11 

37 

41 

29-05 . 

300 

99 

15 

50 

51 

27-240 . . . 

300 

99 

13 

44 

44 

27-240 . . 

300 

99 

16 

54 

55 

29-326 

325 

107 

8 

27 

25 

27-238 . . 

350 

115 

18 

60 ' 

52 

2.3-1 . . 

350 

115 

11 

37 

32 

33-14 . . 

375 

123 

22 

74 

60 

33-13 . . . 

400 

1.32 

14 

47 

30 

30-115 

400 

132 

18 

60 

45 

30-121 . . . 

450 

148 

12 

41 

28 

30-114 . . . 

450 

148 

11 

37 

25 

30-116 . . . 

450 

148 

17 

57 

39 

24-45 . . 

450 

148 

18 

CO 

41 


Salmon bread, 100 gm. ns fed contains 4.0S mg. Fe. 

Average ratio of Fe output as hemoglobin to Fe intake in salmon bread = 40%. 
Dogs 29-65 and 30-115 are splenoctomized. 

Dog 26-164 has definite chronic nephritis. 


Table 5 shows a satisfactory exjieriment in which a large amount 
of colloidal iron is given intravenously during a 2 weeks’ period— 
50 mg. per day, or 700 mg. per 2 weeks, or expressed as hemoglobin 
on a quantitative basis, 210 gm. We note that the total hemoglobin 
removed during 18 weeks is 504 gm., and allowing a base line output 
of 15 gm. per week, or 270 gm. hemoglobin, for the IS weeks, we 
observe a net production of 234 gm. hemoglobin as compared with 
the theoretical of 210 gm. hemoglobin. If we use a basal output 
of 16 gm. hemoglobin, the figures for actual and theoretical hemo- 
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globin return are almost identical. We may say that within the 
uncontrollable physiologic variations this experiment shows a 
quantitative return or regeneration of hemoglobin due to Fe given 
intravenously. 


Table 5.— Colloidal Iron Initiavenoosly. Quantitative Hemoglobin Output 

During 8 Weeks. 


Dog 30-117. 


Diet periods, 1 week each. 

Food, grams per day. 

Food 

cons., 

%• 

1 

AYt., 1 

kg. 

Plasma, 

voL, 

ce. 

Il.B.C., 

mil. 

Blood, 

Hb. 

level, 

%. 

Hemo- 

globin 

remov. 

bled, 

gm. 

Bread, 450; salm., 100; Kl., 40 

100 

1 

15.4 , 

945 

4.5 

48 

1.3 

Fe, 50 rag.; br., 450; salm., 100; Kl., 40 

100 

15.3 

814 

7.1 

• 94 

49.4 

Fe, 50 mg.; br., 450; salm., 100; Kl., 40 

100 

15.0 

S,54 

7.7 

87 

71.2 

Bread, 450; salm., 100; Kl., 40 

100 

14.8 

S4G 

6.5 

67 

61.6 

Bread, 475: salm., 100; Kl., 40 

100 

14.7 

891 

5.1 

70 

27.0 

Bread, 475; salm,, 100; ICl., 40 

100 

14.9 

903 

5.3 

59 

49.2 

Bread, 475; salm., 100; KL, 40 

100 

15.1 

958 

4.9 

51 

24.4 

Bread, 475; salm., 100; Kl., 40 

100 

15.1 

956 

4.7 

64 

38.5 

Bread, 475; salm., 100; Id., 40 

100 

15.0 

952 


79 

36.6 

Bread, 475; salm., 100; KL, 40 

100 

15.1 

944 

4 5 

48 

1.1 

Bread, 475; salm., 100; KL, 40 

100 

15.4 

994 

4.9 

63 

25.1 

Bread, 475; salm., 100; Kl., 40 

100 

15. G 

957 

5.0 

57 

22.3 

Bread, 475; salm., 100; Id., 40 

100 

15.4 

974 

5.1 

50 

23.4 

Bread, 475; salm., 75; Id., 40 

100 

15.8 

1017 

5.2 

44 

19.2 

Bread, 475; salm., 75; Id., 40 

100 

15.8 

1033 

4.5 

45 

10.1 

Bread. 475; salm., 75; Id., 40 . . 

100 

15.7 

994 

4.7 

46 

1.2 

Bread, 475; salm., 75; Id., 40 

100 

15.0 

952 

5.2 

53 

24.0 

Bread, 475; salm., 75; Id., 40 . . 

100 

15.1 

959 

5.1 

47 

18.4 

Bread, 475; salm., 75; Id., 40 . . 

100 

15.3 

968 

4.8 

45 

Pi,. 


1 

1 



1 Total 503.7 


Total Ee = 700 mg. = 210 gm. Hb. 

Basal output = 15 gm. Hb. per week; 18 weeks = 270 gm. Hb. 

Theoretical return 210 + basal output 270 = 480 gm. 

If we examine Table 5 in more detail, we see that even the very 
active bleeding during the period of Fe injection does not keep the 
anemia level down to the base line, and it requires a 6 weeks’ after- 
period to reduce the surplus ''carry over” related to the Fe stored 
in the body and utilized in this emergenc.y. The protein building 
stones needed for the fflobm part of the hemoglobin must come 
from the salmon bread or from body stores. It is significant that 
the combination of this same dose of intravenous Fe plus 300 gm. 
liver fed daily for the same 2 weeks does not cause any increase 
in the total hemoglobin output (Table 6, Dog 30-117). ^ It would 
seem_ that this reaction is about the top limit for 'hemoglobin pro- . 
duction in these standardized dogs beyond which no added factors 
have mfluence. It is not unreasonable to suppose that the hemo- 
poietic apparatus of the dog has a limit to its productive' capacity, 
and under these conditions that limit is presumably reached. 
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Taiile 0. Iron by Vein and Almost Quantitative Hemoolodin Output. 


Dok j 

.Vo. ; 

i 

Iron, 

daily 

do^o, 

JDK. 

TleiiioElobin 

output, 

Itin. 

Thoorctioiil 
li(*rnouIof)in 
relnrn from !•> 
by vein, 

Ktt\. 

Ratio of actual 
HI) oiiti)Ut to 
theoretical 
HI), output, 

( • 

■ t • 

' Control h 
out 

Iron, 

1 10 lUK. 

'daily, oral. 

ciiioKlobin 

)Ut. 

Liver, 
300 Kiu. 
daily. 

30-1 M . . 

s 

47 

33 

142 


99 

27-238 . . 

17 

59 

71 

83 

03 


27-238 . . 

20 

104 

84 

124 

49 1 


27-231 . . 

20 

81 

84 

97 

1 

... 1 

109 

27-239 . . 

20 

95 

S-J 

113 

I 

90 

24-89 . . 

21 

98 

88 

111 

50 j 


27-238 . . 

29 

94 

121 

78 

03 ! 


27-23G . . 

32 

107 

1.34 

125 


77 

.30-117 . . 

32 

137 

1.34 

100 

1 

99 

27-238* . . 

32 

151 

134 

113 

49 i 


30-117 . . 

50 

238 

209 

114 

j 

99 

30-117t . 

50 j 

195 

209 

93 

I 

99 

* Dor. 27-23 

S — Fc, 

400 niR., daily by inoutli in 

addition to intravenous I’c. 


t Dog :i0-117 — Liver, 300 gm., (Lsily by mouth in nddition to intr.avonous Fc. 

Table G shows a nuinlier of satisfactory experiments witli colloidal 
iron given intravenously. Moreover, some of the experiments show 
such large doses of Fe that the “carry over” effect lasts 6 weeks 
beyond the period of intravenous Fe injection (compare Table 5). 
Obviously all the iron is carefully saved and eventually appears as 
new hemoglobin. The tremendous amount of protein building 
material needed to form the required globin is produced without 
apparent difficulty and comes • either from the salmon bread or 
body stores. It appears that about 70 gm. hemoglobin per week, 
or 10 gm. a day, is about the absolute maximum hemoglobin pro- 
duction for these dogs under these conditions. When we recall 
that about 10 gm. hemoglobin per week is a high average for these 
dogs on the basal salmon bread diet, this peak production of 10 gin. 
hemoglobin per day should excite our admiration for the flexible 
machine which we call the hemopoietic system. 

Actual hemoglobin output, compared with theoretical hemoglobin 
output based on the iron given intravenously, is an interesting flgure 
(see Column 5, Table 6). This average percentage is 105, with 
maxima and minima of 125 and 78%. This should seem to indicate 
that these anemic dogs conserve all the Fe given intravenously, 
and within a period of 6 to 8 weeks return every last bit of it as new- 
formed hemoglobin. In figuring this average for Table 6 we did 
not include the first figure (Dog 30-114), where a small dose of iron 
gave an apparent return of 142% which might indicate some physio- 
logic stimulus; when the amount of iron administered is quite small 
the physiologic variables may introduce large errors and it did not 
seem wise to include this in an average. 
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Table 7. — Iron by Vein and the Influence of Splenectomy and the Eck 

Fistula. 



Iron, 
dnily 
[ dose, 
iiifi. j 

Hemoglobin 

output, 

gm. 

Tlieorotieal 
j hcmoplobiu 
return trom Fe 
by vein, 
gm. 

1 

Riitioof notuiilj 

Control. 


Dog 

No. 

1 ^Ib. ulitjiUt tu 1 
thoorcticnl 1 
lib. output, , 

%. i 

Liver, 
300 cm. 
daily. 

Remarks. 

i 

29-05 . . 

50 

101 

209 

t 

4S 

99 

Splenectomy. 

30-115 . . 

50 

126 

209 

60 

118 

Splenectomy. 

30-Gl . . 

50 

120 

209 ' 

52 

82 

Eck fistula. 

26-124 . . 

50 

1 

112 i 

j 

209 

54 

1 1 
1 

88 

Eck + splen- 
ectomy. 


Table 7 shows that large doses of iron given intravenously are 
not conserved as effectively by the splenectomized or the Eck fistula 
dogs as by the normal animal. That splenectomy lessens the 
capacity of the dog to conserve intravenous iron is perhaps not 
surprising, as we eliminate a considerable portion of the cells which 
make up the reticulo-endothelial system. As the colloidal iron is 
not completely taken up, Ave must assume that it is lost to the body 
probably by way of the intestine. 

It is more difficult to explain why the Eck fistula does not utilize 
efficiently the iron given intravenously. Combining the Eck with 
a splenectomy apparently does not further decrease the utilization 
of intravenous iron. In the Eck fistula the portal blood is shunted 
direct into the vena cava so that it does not flow through the 
liver. The blood flow through the liver is about one-third normal 
and only by way of the hepatic artery, so that the Kupft'er cells 
cannot be active as usual in the removal of material like colloidal 
iron. On the other hand, the Eck fistula liver is smaller than nor- 
mal and functionally inefficient in many ways so that one may choose 
to explain the loAvered hemoglobin output on this basis. Further 
work touching this point will soon be published. 

Discussion, Our thesis relative to iron utilization in anemia in 
the healthy dog reads about as follows: Iron given intravenously 
to a normal anemic dog will be eagerly utilized to form new hemo- 
globin practicallj^ on a quantitative basis, 10 mg. Fe = 3 gm. hemo- 
globin. Therefore, in the same dog under certain conditions we 
may estimate the amount of absorbed iron (coming from the intes- 
tine) from the amount of. new-formed hemoglobin. It may be 
argued that iron given intravenously is different from iron coming 
into the portal vein from the intestine, but the weight of evidence 
favors the belief that in this emergency, due to anemia, the healthy 
dog will utilize quantitativelj^ the Fe as it comes into the circulation 
]ust as under similar circumstances it utilizes quantitatiAmlyi'’ hemo- 
globin given intravenously to rebuild new hemoglobin for red cells. 

Assuming that under these conditions new-formed hemoglobin is 
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a reasonably accurate measure of Fc a])Sorbcd from tlic intestine, 
B’e may calculate the ratio of Fe ingestion to ncB' hemoglobin 
production. For the optimum dose of iron (40 mg. daily) this ratio 
B'ill be about 3 to 1, or a 3o% utilization of ingested iron. For 
larger doses of iron (400 mg. 'daily) this ratio will be about 20 to 1, 
or a 5.3% utilization of the iron given by mouth. This is to be 
compared with the 10 to 1 ratio for the feeding of whole blood 
cells Ijy mouth — for 10 gm. of hcmoglobi]i fed there is a return of 
only 1 gra. of new hemoglobin in the standard dog.^” 

Standard salmon bread feeding is of considerable interest (Table 4) 
and ^Ye may compare the hemoglobin output with the intake of food 
iron contained in the bread. The figures show that the salmon 
bread iron gives a 40% utilization of this iron. 

When we consider liver feeding the proi)lcm becomes more 
complex and there is no jiarallelism Ijctwecn iron content of liver 
and its potency for new hemoglobin production. Liver ash may 
account for nearly one-half the potency of Avholc liver, but other 
salts besides iron are concerned and certainly protein complexes 
or intermediates are important. On the average, liver feedings 
show that the dog utilizes about 44% of the Fe contained in normal 
pig liver in the production of the new-formed hemoglobin. 

If one is driven to a generalization it B’ould be that moderate 
doses of soluble iron salts or food iron contained in salmon bread 
or pig liver are utilized to abovit the same degree by the healthy 
anemic dog, that is, a 35 to 45% utilization. One must admit that 
there are many organic aiad inorganic factors as well as iron which 
influence hemoglobin production in anemia and any dogmatic gen- 
eralizations about “food iron” are not safe. One finds many 
strong statements about “food iron” in the literature, and perhaps 
these writers are to be commended for tlieir courage. Those who 
believe that “food iron” and its absorption are relatively simple 
questions are perhaps happy in that state of mind, but the structure 
of their argument is a frail refuge against the storms of adversity. 

Furthermore we have observations to show that infection and 
intoxication will modify internal metabolism and limit the output 
of hemoglobin in anemia. Bile secretion will also modify the pro- 
duction of hemoglobin in this type of anemia and these experiments 
are soon to be published. Table 6 shows that the Eck fistula and 
splenectomy may modify reactions to Fe given by vein. 

Flexibility is a word which applies to the internal pigment metab- 
olism of the anemic dog, and it must always excite our admiration 
even if it is the despair of students in this field. Tile standardized 
anemic dog has a uniform output of hemoglobin per week, while on 
a standard ration of salmon bread— also a uniform reaction to the 
administration of iron salts and there is about a 35 to 40% utilization 
of the contained iron whether inorganic or food iron. When iron 
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is given intravenously we observe a quantitative return, even when 
enormous doses are given, and the body finds the needed building 
material to supply the glohin—n protein making up about 95% of 
the hemoglobin molecule. ^Mien an anemic dog is fasted and given 
iron intravenously tlie dog will form large amounts of hemoglobin, 
and much of it must come from body protein stores. It has been 
sho'^m in this laboratory- that a considerable part of this new 
hemoglobin is formed by conservation of material which under 
control fasting conditions would be wasted as urea in the urine. 
Again, we may give amino acids or organ fractions almost free of 
iron and cause increased hemoglobin production by the anemic dog. 
Now the dog must draw Fe from depleted stores or utilize the food 
iron even more completely. We have found it possible to reach the 
end of the iron stored in the body and observe a fall in hemoglobin 
production under such conditions (Table 24, accompanying paper) 
but the iron conservation within the body must be truly remarkable. 

Summary. Iron given intravenously to these standard anemic 
dogs, in large or small doses, will be returned quantitatively as new- 
formed hemoglobin on the basis of 10 mg. Fe = 3 gm. hemoglobin 
(Table 6) . 

When iron is given by mouth to these standard anemic dogs the 
influence on hemoglobin production is not proportional to the 
amount of iron administered. An optimum dose of iron (40 mg. Fe 
per day for 2 weeks, or 560 mg.) will give a net output of about 
55 gm. hemoglobin, and this means about a 35% utilization of the 
iron given. With larger doses the hemoglobin output increases a 
little, and with 400 mg. Fe daily the net output would average 
about 95 gm. hemoglobin, or about a 5% utilization of the iron given 
by mouth. 

Iron contained in salmon bread under certain conditions may be 
utilized by these anemic dogs up to about 40% to produce hemo- 
globin. Iron in the normal liver when fed may show a 45 % utiliza- 
tion of this tissue iron. 

When liver feeding is combined with iron feeding, there is a 
definite summation effect (Table 3). 

When intravenous iron in large doses is combined Avith liver 
feeding or iron by mouth, there is no evidence of summation 
(Table 6). This probably means that the top functional capacity 
of the body to produce hemoglobin has been reached— about 
10 gm-. hemoglobin output per day. 

Iron salts are* utilized with equal facility by the dog to produce 
hemoglobin when given by mouth in the ferrous, ferric or reduced 
st^e. The determining factor is the amount of the iron metal. 

4 he Eck fistula and splenectomy lessen the capacity of the anemic 
dog to conserve and utilize iron given by Amin to produce ncAv 
hemoglobin (Table 7). 
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The most significant point to be made in this paper is the rap7d 
turnover of iron coming in from the intestines in these standard 
anemic dogs. It may be accepted AA'ithout debate that the Ih^er 
is the main storehouse for iron in the normal dog, for although the 
spleen may contain as much or more per gram tissue As-eight, the 
Ihmr mass is about 10 times that of the spleen. Furthermore, 
the liver is a storehouse for materials AA'hich may be used in A’^arioiis 
anemic states to further the construction of new red cells and 
hemoglobin. Ai^^lat more logical hypothesis can be argued than 
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that the liver is active in producing intermediates which go into 
the manufacture of the large hemoglobin molecule? How much 
of this assembly of intermediates might go on in the liver or bone 
marrow would be a matter of debate. 

With tliis reasonable hypothesis we expected confidently that 
in bloodfree organs depleted of iron stores by anemia, it would be 
possible to demonstrate some store of iron following a single dose 
of iron citrate by mouth. With the large doses given, one could 
assume with confidence the absorption of not less than 20 mg. Fe 
per dose which should be readily demonstrable in the liver if it is 
detained there during the elaboration of intermediates. No such 
temporary storage can be demonstrated (Tables 1 and 2). With 
repeated doses of Fe by mouth some liver storage of iron can be 
demonstrated but it is always small and represents usually an 
insignificant amount of the intake. It would be rash to saj'' that 
this iron has no contact with the liver, but its contact must be 
fleeting and it seems probable that in the anemic dog under favor- 
able conditions the badly needed iron is turned over in the internal 
metabolism with speed and dispatch, appearing at its ultimate 
destination as finished hemoglobin in the short interval of 24 to 
48 hours. 

The red hone marrow as viewed by the physiologist has a most 
unfortunate makeup and location. It is scattered all through the 
bone skeleton, and iron analyses are complicated by this abundance 
of bone with its calcium and phosphorus. Its mass in these dogs’' 
amounts to about two-thirds the weight of the liver and it is most 
difficult of perfusion. Large errors must come in as we attempt to 
estimate the amount of iron in the marrow and even more when we 
would differentiate between hemoglobin iron and parenchyma iron. 
Before this matter is settled we must perfect our methods of assay 
and measurement. IWien we are trailing an elusive element like 
iron we may liken the red marrow to a jungle in which this metal 
may promptly take refuge from the hunter and even change its 
form (into hemoglobin) to avoid detection. 

Methods. Adult dogs in good physical condition were used in all of 
these experiments. The animals were made anemic by blood withdrawal 
using a hypodermic needle and were then maintained at a hemoglobin 
level of I to I normal for at least 2 months to exhaust completely the iron 
reserves. During this time frequent blood samples were taken and red 
ceU percentages and hemoglobin content were followed. The acid-hematin 
method*^ was used in the latter determination, 100% hemoglobin being 
taken as 13.8 gm. per 100 ml. blood. Plasma and blood volume determina- 
tions by the Brilliant Vital Bed dye method'’ were made at intervals of 
about a week. Unless otherwise specified, the animals were finally placed 
on a diet of low iron content for at least 1 week prior to the testing of the 
material, ip. order to eliminate the effect of iron which might have been 
taken in with the kennel ration of hospital table scraps on which the 3 ’^ were 
maintained during the initial period. This low iron diet consisted of white 
bakers' bread, canned salmon, “Klim” (a skimmed milk^'powder), and 
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water; tlie amounts of each constituent being varied somewhat to meet 
the indmdual needs of the dogs. The datlj-- iron intake bn this diet was 
about 5 mg. '\^^len such a diet was employed for periods of more than 
2 weeks, cod-liver oil and a salt im'xture (McCollum and Simmonds without 
iron) was added to it in order to prevent the onset of deficiency disease. 

The dogs were subjected to perfusion appro.’dmatelj’^ 24 hours after the 
last administration of the material to be studied. This perfusion is described 
in detail by AVhipple'' elsewhere. Briefly, it involves infusion, under ether 
anesthesia, of a warm glucose-Locke’s solution in a cannulated jugidar vein 
while blood is removed simultaneou.slj' at an equal rate from a cannula in 
one of the carotid vessels. As the heart begins to fail, adrenalin is injected 
with the infusing solution. AMien the heart stops, perfusion is discontinued. 
The \dscera are promptl 3 ’’ removed, sections are taken for histologic exam- 
ination, and after rinsing in Locke’s solution they are VTapped in towels 
soaked in the solution and placed in the refrigerator for 3 to 4 hours. 

In some cases samples of muscle were analj'zed for muscle hemoglobin. 
For this procedure samples were used as soon after tlie autopsy as possible. 
The method,'® in short, consists in mincing 10 gm. of fresh striated muscle. 
Enough 0.4% NHiOH is added to make a total volume of 50 ml., and 
with occasional shaking the mixture is allowed to stand about 10 to 20 liours 
in the refrigerator to extract the pigment. It is tlien filtered through gauze 
and the filtrate is then further filtered tlirough a medium filter paper. The 
final solution should be quite clear. A 10 ml. aliquot portion is treated 
vdth 4 drops of concentrated HCl, heateA-to 50° C. in a water bath for 
i- hour, cooled, and filtered. The solution is then compared with an acid 
fiematin standard in a colorimeter. 

Preparation for Analysis* Tissues are ashed by a wet ashing procedure. 
Samples of from 10 to 70 gm. are weighed and transferred to 800 ml. 
Kjeldahl flasks. Two or three samples of each organ are emploj^ed. Tliej’- 
are then allowed to autol}''ze at room temperature for 24 to 48 hours. 
Forty milliliters of fuming HNOs are added and they are allowed to stand 
about 24 hours. A few glass beads and 20 ml. of concentrated sulphuric 
acid are introduced to the flask and the contents are digested over a mod- 
erate flame until charring first becomes apparent. From this point per- 
chloric acid (60%) is added 2 ml. at a time at frequent intervals vith con- 
tinued boiling. If there is danger of the material becoming diy at any 
time, sulphuric acid is added. Digestion is continued until the solution is 
clear and colorless, or a pale jtUow turning to colorless on cooling. Boiling 
is continued another 20 minutes, the solution is cooled, 20 ml. of water 
added and heating resumed until the water is driven off. This last step 
maj’- well be repeated. After it has cooled the solution is transferred to a 
100 or 200 ml. volumetric flask by means of water distilled from glass. The 


* Unless specific precautions are taken to prevent it, dry ashing is claimed by 
some to jdeld pyrophosphates which definitely interfere with the determination of 
iron by colorimetric methods. Pyrophosphates are said not to be produced by wet 
ashing (McFarlane, Biochem. J., 2G, 1022, 1034, 1932). „ , t., 

The color developed by CNS" is greatly afl-ected by the pH of the solution. Dry 
ashing with modifications may be preferred by many using the thiocyanate pro- 
cedure as the acid concentration of the final matenal may be controlled, this being 
difficult with the wet ashing method. In the use of the lodo-quinohne reagent 
we feel we have control of the pH of the final solution as a result of the precipitation 
and subsequent buffering of the digestion mi^ure. • 

In using the potentiometric titration with titanous sulphate difficulties are en- 
countered to be sure, but it was never felt that these were traceable to the wet ashing 

^T^gTquantities of tfcsues must be dealt with when the tissues are depleted of 
iron and it was further felt that dry ashing would be applied to such amounts only 
with difficultj^ 
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volume is readjusted after cooling and tlie final solution is stored in con- 
venient bottles. 

Aliquot samples are then anatyzed for iron by either the electrornetnc 
titration with titanous sulphate, or colorimetrically by means of iodo- 
quinolin reagent. As a rule, from 1 to 6 aliquots of each digestion sample 
were analyzed bj’^ both methods. 

PotenlionietriG Tilration with Titanous Sulphate.* Aliquots of tissue 
digests and standards (standard solution made by dissolving standard iron 
nire in dilute H;S04; 20 ml. of dilute solution equivalent to 1 mg. Fe) 
are carefully pipetted into 125 ml. Florence flasks and 7 ml; of concentrated 
sulphuric acid added. The contents are then brought to a boil oyer an 
open flame, and with constant rotation are kept at the boiling point for 
at least 2 minutes following the appearance of dense wliite fumes. Care 
must be exercised that the volume does not fall below about 5 ml. After 
cooling about 25 ml. of 20% H;S04 (Oi-free, stored under Ns) are added; 
they are covered with small watch glasses and placed on the steam bath 
overnight. 

Titration vdth dilute titanous sulphate solution (about 3 ml. equivalent 
to 0.05 mg. iron) against a potentiometric indicator is then carried out 
under an atmosphere of CO 2 , the flasks containing the samples being 
immersed in a water bath at 90 to 100“ C. and constantly shaken by means 
of a motor tlirough an eccentric lever. The titanous solution is stored under 
an atmosphere of Nj and is supplied to the burette much as originally 
described by Eng and Washburne.'® Daily standardization of this solution 
is essential. 

l^Tien used for the determination of such small amounts of iron as was 
occasionally necessitated, this method was not as satisfactory as might 
be wished. However, it gave better results in the witer’s hands than did 
the colorimetric thiocyanate or thioglycollic methods, and seems to be the 
best method for analysis of materials high in Ca and P, in conjunction with 
wet ashing. 

lodo-qxdnolin Q‘Ferron”) Colorimetric Method. This procedure was sug- 
gested by the comparator method of Yoe.’® It has been adapted to the 
use of the colorimeter but such use demands that the standard and unknown 
samples be nearly equivalent in iron content since the color developed does 
not have the same quality at vddely different concentrations. This necessi- 
tates a preliminary trial determination to find the proper aliquot of the 
sample digest to be used. The color developed is quite stable as contrasted 
with the thiocyanate and thioglycollic iron salts, and the reaction is very 
sensitive. 

Aliquots of the tissue digests such as will contain about 0.1 mg. of iron, 
and corresponding standards are pipetted into 100 ml. centrifuge tubes. 
A drop of 30% H 2 O 2 is added with shaking and a drop of phenolphthalein 
indicator solution introduced; 40% NaOH is added drop by drop with 
shaking until the solution is decidedly alkalin, and the sides of the tube 
are washed dmvn. Thorough mixing is essential at this point to avoid 
stratification later. _ The solutions are then allowed to stand overnight. 
After stoppering with corks and balancing in hangars, the solutions are 
centrifuged at about 2500 r.p.m. for 35 minutes. Six unknowns and dupli- 
cate standards are easily accommodated in this way. Following removal 
from the centrifuge (without excessive jarring) the supernatant liquid is 
poured off and discarded. Two milliliters of 0.666 N HCl are added to 
dissolve the ferric hydroxid precipitate and the sides of the tube are 
washed noth 10 ml. of water. A little vaselin is applied to the tips of 
the tubes and the supernatant liquid is decanted into 25 ml. volumetric 

* T'j'® ■writers are deeply indebted to Dr. S. H. Bassett of the Department of 
Medicine for many invaluable suggestions regarding this method. 
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flasks. The sides of tlie tubes are washed with 5 ml. of M/5 potassium acid 
phthallate, and this added to the flask. This last washing is repeated Buth 
another 5 ml. of solution.* After shald;jg, 1 ml. of a 0.2% aqueous solution 
of 7-iodo-S-h3"dro.\y-quinolin-5-su!phonic *‘•'4 is added and the solution 
made up to volume vith water. The colors' are then matched in a colori- 
meter. It was found that a Corning “Signal Red” filter was of assistance 
in maldng the readings. With the standard solution set at 15 mm. the 
unlcno^ra should road between about 14 and IG mm., otherwise the correct 
aliquot should be calculated and the determination repeated. 

This method checked well with the electrometric procedure and was 
much more dependable, in general. The electrometric procedure, however, 
is higldy preferable for samples containing large amounts of Ca and P. 

Experimental Observations. We wdsli to point out the importance 
of hlood-frec organs in this type of experiment. The tables below 
show very small changes in iron content of the viscera and the 
presence of small amounts of red cells and hemoglobin would 
obscure completely any such changes. A successful ex]ieriment 
with viviperfusion reduces the red cell hematocrit to less than 1 %, 
or about 1 to 2% of the normal red cell hematoerit in the dog (50%). 
These figures given for the terminal sample at the end of the per- 
fusion are actually too high, as the packed red cells are mixed wdth 
a variable amount of calcium oxalate which increases the bulk of 
the material read as packed red cells. The blood at the end of the 
perfusion is a delicate pink and the blood does not clot so that the 
organs, removed promptly and placed in a moist cloth, will drain 
practically free of this greatly diluted blood. The lungs are usually 
snow white, or a delicate pale gray if the dog has inhaled coal dust 
or dirt during its life. The spleen presents a pale red color but the 
liver is a pale bull' color. The panereas is -white and the intestines 
a very pale brown color. The kidneys are a pale brown color in the 
cortex -ftdth almost -Rdiite pyramids. The rib marrow presents a 
pale red color. The muscles present the normal color due to the 
presence of the muscle hemoglobin. 

We may ask concerning the eri’or due to contained blood if the 
tissues and organs are not perfused in this -way. The normal dog 
with a red cell hematocrit of 50% shows about 20 gm. hemoglobin 
per 100 cc. blood or 67 mg. Fe per 100 cc. wdiole blood or 50 cc. 
packed red cells. That is, 1 cc. packed red cells contain more than 
1 mg. Fe. After this viviperfusion, 100 cc. whole blood contains 
about 1 mg. Fe and the blood does not clot and will drain off well. 
The error introduced by this dilute blood after perfusion must be 
verj'^ small and actually within the method accuracj^ for iron 
analysis. 

Gravity perfusion of viscera after death has been used by some 
workers but it is quite imsatisfactorj'^ and introduces large errors. 

* The use of HCL-potassium acid phthallate buffer to provide a solution pH of 
about 2.G, near which the color development is a maximum, was suggested by Dr. Aoe 
in a personal communication to P. F. H. He also proposes the name Perron 
for the 7-iodo-S-hydroxy-quinolin-5-suIphonic acid reagent. 
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The red blood cells cannot be washed out with any thing like com- 
pleteness and edema develo]^ promptly. By the yu’^iperfusion 
method edema may deve](«^pkvard the end, but it is slight and 
does hot introduce signifibiW^^ errors. The pancreas is usually 
first to shoAV this edema. „ _ . 

The sx)leen and marrow' are exceptions, and even with perfect 
technique of viviperfusion these tissues contain some red cells 
within the sinusoids where the circulation is so inactive. From 
extractions and analyses of spleen the contained hemoglobin will 
account for about one-third of the iron found by analysis, and it 
is probable that the red marrow contains something like the same 
amount of hemoglobin after viviperfusion. 

Histologic sections were studied in all these cases and give some 
help. 'After perfusion the spleen contains more mature red cells 
than does the bone marrow, and the red cells are found both in 
the vascular spaces and interstitial spaces. The picture in the 
spleen is pretty constant histologically. The perfused marrow 
shows more variety in its area and general makeup, but on the aver- 
age appears to contain fewer mature red cells than the spleen. 
Nucleated red cells of various types are numerous but their contained 
hemoglobin is much less, of course, than in the mature cells. The 
red marrow therefore probably contains proportionately less hemo- 
globin iron than the spleen because the marrow show’s a higher 
total iron than any other tissue per gram w'eight in the anemic 
dog. More sludy must be given to these points. 


Tabie 1. — Iron Content op Brood-free Tissues op Anemic Dogs. Rapid 

Turnover of Iron. 


Dog 

No. 

Anemia. 

Iron intake. 

Mg. Fe per 100 gm. fresh tissue. 

Hb. level 
(%)• 

Duration 
(weeks) . 

Daily. 


Liver. 

Spleen. 

1 

Kidneys. 

Pancreas. 

w 

i 

ra 

ci 

o 

ai 

pH 

Lungs. 

32-44 

50-60 

12 

400 mg. Fe orally 

1 

1.4 

S.6 

5.1 

2.6 

2.4 

1 

2.5 

1 

4.5 j 

3.7 

32-374 

50-60 

12 

1000 mg. Fe orally 

2 

1.9 

8.7 

5.3 

2.2 

1.1 

2.3 

2.7l 

5.8 

33-190 

40-50 

S 

400 mg. Fe orally 

7 

5.0 

11.2 

7.2 

2.1 

1.6 

3.6 

3.5 

2.8 

27-235 

40-60 

250 

400 mg Fe orally 

5 

17.8 

10.4 


2.1 

I.l i 

2.9 

3.0 

2.3 

33-85 

40-60 

24 

Limited diet (Table 4) 


1.7 

7.9 


1 .2 

0.7* 

2.6 

3.1 

5.2 

33-325 

40-55 

9 

Liver 


1.3 

9.4 


1.7 


3.3 

3.3 

2.9 

33-92 

40-55 

12 

53 mg. Fe. intraven. 

2 

18.1 

49.8 

4.9 

2.1 

1.8 

2.5 

3.9 

2.7 

33-1 

50-60 

11 

108 mg. Fe intraven. 

2 

26.8 

75.2 

4.7 

2.2 

1.2 

2.1 

3.3 

3.1 


* Edem.i. 


Lvngs contain a little more parenchyma iron than liver, kidney 
and pancreas— an average of not less than 3 mg. Fe per cent. These 
lungs are especially completely perfused as the capillaries are larger 
•and the histologic sections show complete absence of red cells. 
There are no organic pigment deposits and intravenous iron does 
not cause any increase of this lung parenchyma iron. There are 
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some dust deposits in lungs and this material may contain some 
iron. Some substances related to oxygen transfer may be respon- 
sible for this excess iron. Two dogs (32-374 and 33-85, Table 1) 
show iron figures above normal, but nothing unusual was made out 
by histologic study to account for this excess. 

Table 1 gives the iron content of various perfused tissues of anemic 
dogs on definite diets with a known intake of iron by mouth. 
Table 3 should be compared with Table 1 to give an essential base 
line. The various ex]ieriments listed in Table 1 are described in 
sufficient detail in the clinical histories of the various dogs which 
follow Table 1. 

Clinical Histories. Dog S2-44> f^it, moderately active female mongrel 
terrier, weighing 19 kilos (Tables 1 and 2), had been maintained liy suit- 
able bleeding at a hemoglobin level of 50 to 60% (100% = 13.8 gm. hemo- 
globin per 100 ml. blood) for a period of 3 months. During this period the 
diet consisted of hospital table scraps. There followed a week’s feeding 
of a white bread diet low in iron (sec Methods). With the last day’s 
ration there was incorporated 400 mg. of iron in tlie form of ferric citrate. 
After 22 hours the animal was perfused as described above. The final red 
cell hematocrit at the end of the perfusion read 0.4%. On analysis there 
was no evidence of iron ha\dng been stored in any of the tissues examined, 
even though this amount of iron by mouth in the anemic dog would result 
in the eventual production of 0 to 7 gm. hemoglobin. The iron content of 
the various tissues may be looked upon as being within the limits of control 
base line values (Table 2)._ 

Dog 82-374, a large, inactive, lean male mongrel hound, weighing 
20 kilos (Tables 1 and 2), had been maintained by suitable bleeding at 
a hemoglobin level of GO to 80% for 2 months, followed bj’’ a period of 
3 months at a level of 50 to 60% hemoglobin. During this whole time the 
diet had consisted of the regular kennel ration of hospital table scraps. 
The usual wdiite bread diet low in iron was fed for 1 week and was supple- 
mented during an additional 2 days vuth 1 gm. of iron per day, given as 
ferric citrate. As before the animal was perfused 24 hours following the 
last feeding. The final red cell hematocrit at end of perfusion read 0.4%. 

Tabi/B 2. — Weights of Okgans of Pebfgsed Anemic Dogs and Total Iron 

Contents. 


Dog No. 

Liver. 

Spleen. 

Kidneys. 

Heurt. 

Pancreas. 

Lungs. 

Body 

wt., 

Idlos. 

Wt., 

gm. 

Iron, 

mg. 

wt., 

gm. 

Iron, 

mg. 

Wt., 

gm. 

Iron, 

mg. 

Wt.jlron, 
gm. mg. 

Wt., 

gm. 

Iron, 

rag. 

Wt., 

gm. 

1 

Iron, 

mg. 

32-44 . . . 

450 

6.3 

51 

4.4 

72 

1.9 

136 {3.4 

37 

0.9 

121 

4.5 

19 

32-374 . . 

523 

10,0 

47 

4.1 

70 

1.5 

227|5.2 

61 

0.7 

150 

8.7 

20 

33-190 . . 

260 

13.0 

47 

5.3 

CO 

1.3 

110j4.0 

25 

0.4 

90 

2.5 

11 

27-235 . . 

455 

81.0 

57 

5.9 

109 

2.3 

133 3.9 

38 

0.4 

111 

2.5 

14 

33-85 . . . 

425 

7.2 

40 

3.2 

100 

1.2 

17614.6 

107* 

0.7 

135 

7.0 

15 

33-325 . . 

215 

2.8 

18 

1.7 

50 

0.9 

104 .3.4 

28 


72 

2.1 

10 

33-92 . . . 

325 

58.8 

55 

27.4 

67 

1.4 

10612.7 

36 

6.0 

102i2.7 

12 

33-1 . . . 

390 

104.5 

40 



30.0 

80 

1.8 

106j2.2 

1 

35 

0.4 

95 

2.9 

13 


* Edema. 
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This amount of iron fed to an anemic dog (32-374) could cause 
the production eventually of not less than 13 gm. new hemoglobin, 
the equivalent of 44 mg. Fe which presumably would have been 
absorbed. Forty-four milligrams Fe should be readily recognized 
in these bloodfree organs if it is stored. We see (Table 2) that the 
liver contains 10 mg. Fe, a little more than the average base line. 
The spleen contains 4.1 mg. Fe, but if we deduct one-third for con- 
tained red cells we have but 2.8 mg. Fe for parenchj^ma iron. The 
bone marrow iron, of course, must be estimated with possible errors 
of some magnitude. We may say that one-third of the rib is red 
marrow and very little iron is found in true bone which triples the 
value of the iron contained in rib marrow, as the figures given 
are for the whole rib. The marrow volume'^ will be about two-thirds 
that of the liver and we should allow about one-third for Fe con- 
tained in red cells within marrow sinusoids. This dog (32-374) 
therefore would have about 38 mg. parenchyma Fe in its total red 
marrow— or a total of 51 mg. Fe in liver, spleen and marrow. The 
44 mg. Fe presumably absorbed should be readily detected but this 
is contrary to fact. It would seem that either this iron is held in 
body fluids including plasma and corpuscles, or that there is a very 
rapid turnover of iron in this emergency with the iron reaching its 
ultimate goal in the hemoglobin of the red cell very promptly. 

Dog 83-190, an extremely active female Boston bull terrier, weighing 
11 kilos (Tables 1 and 2), following an anemia period of 2 months’ 
duration at a level of 35 to 50% hemoglobin w^as placed for 1 week on the 
white bread diet low in iron. After this bread week, 400 mg. of iron per 
day were added to the diet in the form of ferric citrate, this supplement 
being continued for 7 days. During this last week the dog was not bled 
except for sampling, w'hich was quite frequent in order to determine the 
time of appearance of new hemoglobin in the blood stream. 

The dog was perfused 48 hours after the last feeding. The final red cell 
hematocrit after perfusion read 0.9%. The blood picture and hemoglobin 
production of the dog at various intervals during the 2 w'eeks may best be 


seen in tabular form. 

Hb. 

Plasma 

Blood 

Circulating 

Dog 33-190. 

leVel 

vol 

vol. 

Hb. 

(%>. 

(ml.). 

(ml.). 

(gm.). 

At start of iron feeding 

. 39 

745 

910 

49 

At end of iron feeding (perfusion) .• 

. 62 

725 

1,045 

89 

Increase in circulating Hb. 




. 40 

Hb. removed in sampling . 




6.5 

Hb. produced due to basal diet 




6± 

Total net Hb. production due to iron feeding 



. 40 


In Bog 33-190 the amount of hemoglobin produced on the wdiite 
bread diet poor in iron is not known but is given as an average 
figure— 6 gm. hemoglobin per wmek. The accompanying paper 
show's that the anemic dog fed 400 mg. Fe daily wall put out about 
45 gm. hemoglobin per w'eek. This dog increased his store of circu- 
lating hemoglobin above the output due to the basal diet by about 



32 


HAnX, -VVIIIPPLE: IROX ,'^IETAROLI.S^r 


40 gm. hemoglobin and has in reserve in his liver, spleen and marrow 
about 20 mg. Fe above the control values for these blood-free tissues. 
This amount of reserve iron could account for 6 gm. hemoglobin. 

In Dog 33-190 (Tables 1 and 2) it is obvious that there is a very 
rapid turnover of the iron coming in with the food, and evidence 
of a little surplus storage of iron in the liver (9 mg.), spleen (1 .3 mg.) 
and marrow (8^ mg.). We emphasize again that the figures for 
red marrow are only approximations which are given for what 
they are worth. How many of the immature red cells may be 
washed out of the red marrow by the \’i\'iperfusion method used 
we cannot say, nor can we estimate with any accuracy the paren- 
chyma iron held in marrow cells or tissues. 

The parenchyma iron (Dog. 33-190) for other viscera and stri- 
ated muscle fail within normal control limits. The heart muscle'''' 
is a little higher than normal and may be accounted for by the 
unusual activity of this dog. 

Dog 27-235, a rather inacti\-e adult female mongrel bull terrior, weighing 
14 kilos (Tables 1 and 2), had been in the anemia colony of this laboratory' 
for 7 years and had been maintained at an anemia level of 40 to 60% 
hemoglobin for the past 5 years. Tlie dog was placed on the white bread 
low iron diet for a period of 8 weeks, followed by a fasting period of 2 weeks 
to assist in depleting the iron stores. The diet was resumed for 1 week, 
was supplemented for 5 days with 400 mg. of iron as ferric citrate each day, 
and 18 hours later the animal was perfused. The final red cell hematocrit 
after perfusion was less than 2.9%. The blood picture during the last 
few weeks of the e-xperiment follows: 



Hb. 

Plasma 

Blood 

Circulating 


IcvH 

vol. 

vol. 

Hb. 

Dog. 27-23j. 

iVc). 

(mi.). 

(ml.). 

(gm.). 

At beginning ol fast 

. . 4G 

640 

S40 


At end of fast 

50 

620 

815 


.Xt start of iron feeding .... 

. . 11 

7S5 

1,000 

56 

.Xt end of iron feeding .... 

. . ro 

6.30 

905 

ss 

Increase in circulating Hb. 




. 32 

Sb. due to basal diet 




5.4 

Total net Hb. production due to iron feeding 



. 26.6 


Dog 27-235 shows a net hemoglobin output of 2G.6 gm, hemo- 
globin, which may be related to the large doses of iron given in the 
5 days before tbe perfusion. This same dog had been carefully 
standardized during its stay in the anemia colony. It was rated 
as above average in its capacity to form new hemoglobin on various 
diets. IS'ith 40 mg. Fe given during 2 weeks its hemoglobin output 
was 44 gm. hemoglobin, and with 300 gm. liver given daily for 
2 weeks its output was quite high— 127 gm. hemoglobin as com- 
pared with the average value of 95 to 100 gm. hemoglobin. 

Dog 27-235 shows a net hemoglobin production of 26.6 gm. 
and contains some e.xcess storage of iron in liver and spleen which 
w'ould represent more potential hemoglobin production. Tbe 
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spleen and liver together (Table 2) contain about 74 mg. Te above 
the control level and we may say this is equivalent to 22 gm. -hemo- 
globin. If we add this to the 26.6 gm. hemoglobin production we 
have about 49 gm. hemoglobin produced and in reserve, which we 
can state is due to the feeding of 2000 mg. Fe during the 5 days 
recorded. The average return for this intake of iron would be 33 gm. 
hemoglobin for 5 days, but this dog is more active than the average 
and might put out during 1 week iron feeding of 400 mg. Fe daily, 
45 to 60 gm. new hemoglobin— compare with the result of liver 
feeding. The question of reserved storage and intestinal absorption 
comes in and we have, unfortunately, no figures for the red marrow 
iron content, so we must not push this analysis too far. 

Table 3. — Iron Content of Perfused Tissues of Normal Dogs on Various 
Diets (After Bogniard and Whipple). 


Doe No. 


30-174 

30-250 

30-126 

30-103 

30-270 

X-2806 

X-2884 


30-271* 

30-257* 


* Diet of bread, milk, rice, potatoes, salmon and onion, untO perfusion. 

« 

Table 3 gives for convenient reference the condensed tabulated 
data from the experiments by Bogniard and Vifiiipple.- The iron 
storage in various normal dogs on a variety of diets is in conspicuous 
contrast with that of the anemic dogs. It is obvious from the 
experiments in Table 3 and from those given above in this paper 
that an anemic dog is slowly depleted of its iron stored in the liver, 
spleen and marrow. The depletion is not complete as a result of 
1 month’s anemia and even 6 weeks will not completely reduce 
this reserve to the base line beyond which these tissues will not 


Type of diet. 

Dura- 

tion, 

days. 

Standard salmon bread 

31 

Standard salmon bread 

21 

Kennel + iron (500 mg.) 

31 

Liver (300-450) + meat 

30 

and bread 


Carrot and mush 

25 

Kennel 

30 + 

Kennel 

30 + 

Avera 

ges 


Fe in mg. per 100 gm. of perfused fresh tissue. 


Liver. 

Spleen. 

Rib. 

Kidney. 

Pancreas. 

Heart. 

CD 

C3 

O 

CO 

Lung. 

20.4 

38.0 

22.8 

4.7 

2.4 

6.5 

6.3 

10.2 

22.7 

40.1 

20.5 

6.9 

2.5 

3.7 

2.8 

6.7 

17.1 

86.8 

17.5 

4.0 

1.6 

3.3 

4.3 

13.4 

30.3 

46.1 

14.4 

5.4 

2.0 

4,0 

2.4 

6.1 

42.2 

53.6 

14.9 

5.0 

3.2 


3,9 

5.6 

13.9 

23.3 

7.9 

2.2 

1.6 

3,0 

3. ’4 

3.7 

25.7 

37.8 

7.4 

4,0 

1.3 

2.9 

3.1 

2.7 

24.6 

46.5 

16.0 

4.6 

2.1 

3.9 

3.7 

6.9 


Iron Content of Perfused Tissues of Anemic Dogs. 


Anemia level = 50-60% 
Hb. 

30 

5.0 

17.5 

4.1 

1.4 

0.7 

2.9 

4.0 

3.3 

Anemia level = 50-60% 
Hb. 

45 

4.0 

6.6 

3.5 

2.9 

1.1 

2.5 

3.3 

2.1 
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give up iron under any condition of stress. A 2 or 3 montlis’ anemia 
at about a 50% hemoglobin level will reduce these dogs to a rela- 
tively constant base line for iron contained in viscera, muscles 
and marrow (Table 1). 

It seemed desirable to ascertain just how far the body depletion 
of iron could be carried and whether under these conditions the 
body could form any hemoglobin. It had been found (Table 5) 
that the striated muscle in its total mass contained a considerable 
store of parenchyma iron, and it was suspected that in a great 
emergency the body might draw on this store. It had been observed 
in this laboratory'’ that the anemic dog, during a 2 weeks’ fast, 
could produce 40 to 60 gm. new hemoglobin which obviously must 
come from materials stored in the body. Furthermore it had been 
found*'* that certain amino acids given with the salmon bread diet 
would cause a considerable increase in the output of new hemoglobin 
(30 to 40 gm.) in these standard anemic dogs, and obviously iron 
must be drawn from some source to account for this new hemoglobin. 


T-iDLE 4. — nE-MORLoniN PnoDUCTJON ' m Dog o.v White Bread Low-iron' Diet. 
Effect op Amino Acids and Fasting. 

Dog 33-S5, fom.'ilc, ndult, mongrel hound. 


{ 

Diet ponods 1 week each. ( 

Food, praiiiB per day. | 

Food 

cons., 

%• 

wt., 

kg. 1 

1 

Plafinm 

vol., 

ml. 

Blood 

Hb., 

%. 

Jib. 

remov,, 

pm. 

MTi.Br. 250, salm. 100, Kl. 20 . . . i 

89 

16.9 

1,025 

41 

11.4 

MTi.Br. 250, salm. 100, Kl. 20 , . . ! 

85 

1C. 8 

985 

t 47 

1.4 

Wh.Br. 250, salm. 100, Itl. 20 . . . , 

100 

16.2 

905 

57 

11.1 

Wh.Br. 350, salm. 150, Kl. 20, CLO 10 j 

100 

16.6 

910 

47 

1.4 

Wh.Br. 350, salm. 150, KL 20, CLO 10 ! 

100 


905 

43 

13.5 

Wh.Br. 350, salm. 150, Kl. 20, CLO 10 i 

75 

17.2 

1,010 

47 

10.3 

Wh.Br. 250, salm. 150, ICl. 20, CLO 15 j 

82 

i 17 0 

945 

41 

11.0 

Wh.Br. 250, salm. 150, Kl. 20, CLO 15 1 

90 

; iG 0 

i 

990 ! 

43 

: 1.3 

Phenylalanin 1 + glyoin 1* . . j 

100 

17.0 

900 1 

40 

9.5 

Phenylalanin 1 -p glycin 1* . l 

100 1 

10.8 

945 

30 

25.3 

Phenylalanin 1 glycin 1* . . j 

100 

16.9 

980 

42 

11.4 

AATi.Br. 250, salm. 150, Kl. 20, CLO 15 

1 100 ’ 

1 10.9 

1,025 

j 33 ‘ 

11.5 

Glutamic acid 1* • i 

100 j 


1,085 1 

38 

1 

1.1 

Glutamic acid 1* . . * . . i 

1 

100 

17.4 

1,010 1 

44 

1.3 

m.Br. 250, salm. 150, Kl. 20, CLO 15 | 

100 

17.3 1 

900 j 

1 I 

^ 12.7 

Wh.Br. 250, salm. 150, Kl. 20, CLO 15 

1 100 

17.3 

' 1 

970 1 

i 1 

48 

1 

11.3 

Fasting 






Fasting j 






MTi.Br. 260, salm. 150, Id. 20, CLO 15 | 

86 ' 

14.8 

880 

45 

1.3 

Wh.Br. 260, salm. 150, ICl. 20, CLO 15 

100 

15.4 

890 

' .43 

1.3 


"Wh.Br. = white bread; Kl. = dried skimmed milk; salm. = canned salmon; 
CLO = standard cod-liver oil. 

* AVh.Br. 250, salm, 150, Ifl. 20, CLO 15. 
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The experiments in Table 4 are of much interest and show that 
the body iron can be so depleted that the dog will no^ longer put 
out new hemoglobin during fasting or amino acid feeding periods. 
Under these conditions the body cannot supply or find any reserve 
iron, and in the face of a severe anemia it can produce only about 
enough hemoglobin to make up for the wear and tear of the circu- 
lating red cells. The factor x for red cell wear and tear is an unloiomi 
but is always present and has called forth much speculation this 
comprehends the life cycle of the red cell. 

Dog 3S-85 (Table 4), a fairly active, slightly fat female mongrel hound, 
weigliing 15 kilos, had been maintained at a hemoglobin level of 40 to 
60% for 3 months on a diet of hospital table scraps. This dietary regime* 
was gradually shifted during a period of 2 months to the white bread diet 
low in iron, the anemia level being maintained. This dietary regime was 
continued for another 2 months, the animal’s standard hemoglobin output 
being determined at the level of 45 to 55% hemoglobin.*^_ The last weeks 
of this experiment are outlined in Table 4. The perfusion was done as 
usual and the final red cell hematocrit at the end of the perfusion read 1.7%. 

Dog 33-85 shows (Table 4) during the tabulated first S iveeks on 
this white bread diet lo\V in iron an average weekly output of 
7.5 gm. hemoglobin. It is recalled that a long anemia period of 
about 6 months preceded the experiments in Table 4, during the 
last 2 months of which the white bread diet low in iron was fed, 
so that there could be no assumed iron reserve store. This low iron 
diet contains about 5 mg. Fe in a day’s intake, ^^filen phen3d- 
alanin and glycin are given, 1 gm. each per day for 3 Aveeks, we see 
a definite increase aboAm the base line of about 29 gm. hemoglobin 
including the carrj'- over into the subsequent bread control week. 
When glutamic acid is giAmn there is no increase and actually less 
than the basal output on the bread alone. Fasting causes no 
increase and finallj^, during the last 2 weeks on the basal bread ration, 
the output is zero or less— that is, the body can form no new hemo- 
globin above the amount needed to make up for AAmar and wastage. 
Presumably the iron limitation is causing a definite limitation of 
hemoglobin production during fasting. This probably means that 
even on the salmon bread diet there is a little reserAm of iron in the 
body which can be used in this fasting emergency, but with a verj^ 
low^ iron intake and the utilization of the small iron reserve bj^ 
amino acid supplement, this small reserve is exliausted and fasting 
gives no further hemoglobin production. 

In this connection we obserAm in Table 5 that the parenchyma 
iron of striated muscle (Dog 33-85) is an aAmrage normal as is the 
muscle hemoglobin, showing that even in this emergenej’’ of extreme 
iron depletion these muscle tissues do not contribute iron to anj^ 
appreciable degree. 

r Hobscheit-Eobbins kindly directed the standardization and amino acid 

feeding of this animal. 
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This clog (33-S5) also shows (Tables 1 and 2) the expected low 
values for parenchyma iron in the liver and spleen. The values 
for the viscera are similar to others in the same tables and show 
no depletion of iron below the usual base line. The low figure for 
the panereas (0.7 mg. % Fe) is to be explained by edema. The 
rib analysis unfortunately was lost. 

In this dog (33-S5) the spleen was extracted carefully to ascertain 
the amount of Fe contained in red cells held in the spleen sinusoids 
and pulp. The same procedure used for muscle hemoglobin .showed 
that about 30% of the total iron was in hemoglobin within red cells. 

Table 5 shows a number of interesting points relating to iissiic 
iron within the body. This iron in the striated muscles is about 
equally divided between the muscle hemoglobin and the muscle 
parenchyma, but the parenchyma iron is a little more abundant 
in the heart muscle (57%) and the muscle hemoglobin iron a little 
more abundant in the voluntary striated muscle (59%). Theorell'^ 
has shown that muscle hemoglobin contains 0.335% iron just as 
does blood hemoglobin, but the muscle hemoglobin molecule is 
much smaller. 

Table 5.— Muscle Hemoglodi.n and Muscle Iron i.n Blood-eree Tissues of 

Anemic Dogs. 

Muscle hemoglobin. Mibsclc tissue, Pnronchynm 






Fe by anal- 

Fe by 



Mr. per 

Calc, equiv. 

ysis, inR. per 
100 Rin. 

dilTerence 



as Fe, inR. 

lUR. per 

Dos No. 

Muscle. 

100 gm. 

per 100 Rin. 


100 Rni. 

32-14 

Heart 



2.5 



Psoas 



4.5 


32-374 

Heart 



2.0 



Psoas 



2.7 


33-190 

Heart 

430 

1.4 

3.5 

2.1 


Psoas 

080 

2.3 

3.3 

1.0 


Erector spin. 

890 

3.0 

4.4 

1.4 


Diaphragm 

810 

2.7 



27-235 

Heart 

345 

1.2 

2.9 

1.7 


Psoas 

320 

1.1 

3.0 

1.9 


Adductor 

340 

1.1 

3.4 

2.3 


Diaphragm 

400 

1.3 

3.2 

1.9 

33-85 

Heart 

410 

1.4 

2.0 

1.2 


Psoas 

550 

1.8 

3.1 

1.3 


Adductor 

500 

1.7 

3.1 

1.4 


Diaphragm 

880 

3.0 

3.2 

0.2 

33-325 

Heart 

390 

1.3 

3.3 

2.0 


Psoas 

615 

2.1 

3.3 

1.2 


Adductor 

525 

1.8 

2.9 

1.1 


Diaphragm 

075 

2.3 

3.5 

1.2 

33-92 

Heart 



2.5 



Psoas 



3.3 


33-1 

Heart 



2.5 



Psoas 



3.1 



Total muscle iron as distributed in muscle hemoglobin = 55%; in the parenchyma 
= 45%. 
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In this great emergency the body does not draw on this store of 
muscle hemoglobin and muscle parenchyma iron to manufacture 
new hemoglobin. As pointed out elsewhere^ activity has vastly 
more influence on muscle hemoglobin than any other factor, and 
activity will mean high muscle hemoglobin even in the face of 
anemia. Likewise paralysis even ivith normal blood hemoglobin 
will mean rapid fall in the muscle hemoglobin. This perhaps is 
a fortunate independence of these factors relating to iron in the 
muscle and in the circulation, else an anemic animal might lose 
its power of motion or even the functional power of its heart. 

Intravenous injection of colloidal iron does not modify in any 
way the store of iron in the muscles (Table 5). 

Liver feeding causes a rapid and abundant production of new 
hemoglobin in this type of anemia and we record (Tables 1 and 2) 
the data related to iron distribution— Dog 33-325. 

Bog 33-325 (Tables 1 and 2), a very active male mongrel _ poodle, 
weighing 10 kilos, Avas made anemic by bleeding as usual and maintained 
at a level of 45 to 60% hemoglobin for a period of 10 weeks. During this 
Avhole period the diet Avas of the white bread Ioav iron type. The animal 
AA'as then given 300 gm. of cooked pig Iwer in addition to the usual ration, 
and this AA^as eaten. The next 3 days, hoAA'ever, the liver Avas refused, but 
on the 5th day the dog ate 300 gm. of raAV pig liver over and above the 
regular diet. This supplement AA'as refused on the 6th and 7th days. _ There- 
fore, on the 8th, 9th and 10th days the diet Avas supplemented daily Avith 
4.1^ gm. of a liver extract potent in secondary anemia (W1 188— Lilly). 
This fraction^® of 4.1 gm. was derived from 300 gm. of fresh liver and 
contained about 70% the potency of Avdiole liver for hemoglobin regenera- 
tion in this type of experiment. On the 11th day the animal was perfused. 
The final red cell hematocrit after perfusion read 1%. 

During the period of liver feeding 40 gm. of hemoglobin over and above 
the animal’s customary production on the basal ration appeared in the 
blood stream, as can be seen beloAv: 


Dog 33-325. 

Hb. 

level 

(%)- 

Plasma 

voi, 

(ml.). 

Blood 

vol. 

(ml.). 

Circulating 

Hb. 

(gm.). 

At start of liver supplement 

53 

530 

705 

51.5 

At end of liver supplement (at perfusion) . 

84 

540 

815 

94.5 

Increase in circulating Hb 




. 43.0 

Hb. removed in sampling .... 




. 1.4 

Hb. produced due to basal diet (6 days) 




. 5.0 

Total net Hb. production due to liver feeding . 



. 39.4 


This experiment (Dog 33-325) Avith liAmr feeding w'as not satis- 
factory because we Avished for a maximal intake of A\diole liver during 
4 or 5 days to be folloAved by the perfusion. This dog refusing the 
liA^er during scA^eral periods, enabled the bodj" to mature completely 
the hemoglobin and red cells which might be related to the early 
liA^er intake and we see a large output of hemoglobin amounting 
to about 40 gm., A\diich Avould be a reasonable return from this 
liA^er and liA^er fraction intake. The iron content of the liA'er shows 
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base line values and no increased storage. There may be a little 
more iron storage in the spleen but the muscles and other viscera 
show base line values. This all speaks again for a very rapid turn- 
over of the iron as it comes in from the intestine. 

Intravenous Iron * The accompanying paper shows that col- 
loidal iron given intravenously to the standard anemic dog will 
be returned quantitatively within new formed hemoglobin. It 
seemed of importance to trace this iron within the body in these dogs. 

Dog S3-1 (Tables 1 and 2). lean, fairly active female hound, weighing 
12.5 kilos, was kept anemic for about 11 weeks at a hemoglobin level of 
50 to 60%. During this time the diet was the ordinarj’’ kennel ration of 
hospital table scraps. A week on the wliite bread diet low in iron was 
followed by administration of colloidal iron intravenouslj', 54 mg. being 
given tvdee each day for 2 daj’s (a total of about 215 mg.). The animal 
was perfused 23 hours after the last injection. The final red cell hematocrit 
followng perfusion was 0.9%. The liver shows an iron content compatible 
with the average of normal dogs (Table 3), namely, 27 mg. Fe %. The 
spleen shows a figure close te the high values for normal dogs, which had 
received large oral doses of iron for a month (Dog 30-125, Table 3). 
The other organs show what might be regarded as anemia base line figures. 
Since about 122 mg. of iron can be accounted for in the liver and spleen, 
about 56% of the iron injected is demonstrated as stored in these organs. 
Histologic sections stained for iron show a hea-\y deposit of blue granules 
within the Kupffer cells of the liver. 

Since it appeared that the liver and spleen were the only organs 
examined which seemed to be immediately concerned with the 
storage of the iron, and inasmuch as the normal storage of these 
organs had possibly been exceeded in the dose administered in the 
la.st experiment, it was decided to inject only as much iron as it 
was thought could be removed from the circulation by these two 
organs. 

Dog 83-92 (Tables 1 and 2), a lean, quiet mongrel female hound, 
weighing 12 kilos, was made anemic and maintained for 3 months at a 
hemoglobin level of 40 to 55%. Follovung a week on the wlute bread 
low iron diet, tliis animal was given 54 mg. Fe per day for 2 successive 
days. Perfusion followed the last injection by 27 hours. The final red 
cell hematocrit following perfusion was 0.9%. _ Again all the organs, on 
analj'sis, show base line figures tsith the exception of the liver and spleen. 
The liver contained an amount of iron which was somewhat below that 
for an average normal, and the spleen contained an amount wluch was 
about an average for a normal dog (Table 3). The amount recovered in 
these two organs was about 75 mg. or about 70_% of the amount injected. 
Histologic sections stained for iron show a definite deposit of blue granules 
within the Kupffer cells of the liver. Control sections from dogs fed iron 
showed no blue granules in the Kupffer or hepatic cells. 

Iron recovery in these twm experiments was not complete, the 
larger dose by vein, Dog 33-1, giving a 56% recovery, and the 
smaller dose, Dog 33-92, giving a 70% recovery. We were sur- 
prised that the marrow showed no evidence of iron storage. ' It is 
to be expected that most of the iron given by vein would be stored 

* We are indebted to Dr. Daidd Loeser of the Loeser Laboratory for the colloidal 
iron used in these experiments. 
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at jSrst in tlie reticuloendothelial system, but it obviously varies 
somewhat and during these 3 days some material surely reached 
the mature stage of new hemoglobin and would not appear in the 
analyses. Some iron probably is to be found in the lymph glands 
and lymphatic tissue of the body, including the intestinal lymphatic 
tissue. Some iron is to be found in the plasma and perhaps in the 
whole blood in excess of the hemoglobin. Unfortunately no analyses 
of blood were made, but this omission is being corrected and in 
time, we hope, to account much more completely for the iron given 
by vein. It is, of course, a possibility that some iron may be washed 
out by this viviperfusion but this question can also be subjected 
to careful test. 

It is interesting to note that in contrast to the results of Polsoid- 
there is no accumulation of iron in the lungs nor evidence of pul- 
monary emboli. His dosage was usuall}'' considerably higher than 
those used in these two experiments, but in view of the above data 
it would seem unlikely that the lungs function normallj’' to conserve 
and store iron. 

Discussion, The question of red marroio and its store of iron 
may well be debated. At present no dogmatic statements can be 
made but we may review some of the difhculties. This is one place 
in the body where iron may be concealed and leave the investigator 
in a quandary whether iron taken into the body may be here at 
all or whether in the form of parenchyma iron or of hemoglobin iron. 
We assume that marrow volume^ is about two-thirds that of the 
liver but this area may be filled with red marrow or fat marrow 
or a mixture of the two.^’- In anemia the red marrow increases in 
bnlk at the expense of the fat marrow, and after months of anemia 
the red marrow may replace completely all the fat marrow. There 
are great individual differences” and here is a large error confronting 
us if we figure the whole marrow on the basis of the rib analysis. 

Method difficulties of iron analysis in bones has been pointed out 
under Methods. It is possible that autolysis of marrow in the bones 
may overcome some of these difficulties. 

Viviperfusion as used in these experiments introduces another 
factor which cannot at present be evaluated. If iron coming into 
the body is moved rapidly into the marrow it may be rapidly incor- 
porated into the hemoglobin and protoplasm of the immature 
red cells whose increase would tend to push out the more mature 
red cells which as we know begin to appear in the circulation in 
considerable numbers on the 3d day after iron administration. 
These red cells about to emerge might be dislodged by the perfusion 
and be lost to the rib analysis, yet not being in the circulation before 
death would also be lost to the analysis of the circulating hemoglobin. 

An attempt to extract and measure the hemoglobin in the red 
marrow of the various bones has not yet been made but we hope to 
accomplish this in the near future. Histologic sections of marrow 
give some help and show that a fair number of mature red cells 
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and large numbers of nucleated red cells are always to be found 
in the red marrow. The marrow capillaries may be visible and 
pretty well freed of red cells but the red cells outside of these spaces 
in the interstitial areas are of course out of reach of any perfusion. 
Attempts to subdivide the total red marrow iron into parenchyma 
iron and hemoglobin iron face obvious difficultie.s, but in time we 
should have some data of real value. 

Farcncliyma iron is of some interest in these experiments and its 
uniformity deserves mention. After the iron stores are depleted 
by anemia for many weeks we see that the kidney, pancreas and 
even liver when bloodfree, contain only 1 to 2 mg. Fe per 100 gin. 
fresh tissue. It is perhaps surprising that the liver should give up 
all but this small measure of Fe. \Mien we recall that all proto- 
plasm contains Fe® we may look at this parenchyma iron as perhaps 
incorporated in the cell protoplasm and necessary for its life and 
function. The spleen may be reduced to about 8 mg. Fe per 100 gm. 
fresh tissue, and if we allow about 3 mg. for the contained hemo- 
globin we have left 5 mg. Fe as the base line for parenchyma iron. 

Red marrow of the rib is usually made up of cells and contains 
no fat marrow. We may accept 5 mg. Fe per 100 gm. bone, and 
allowing two-thirds of the rib weight as bone we have a marrow 
content of 15 mg. Fe per 100 gm. red marrow. Further we may 
allow 5 mg. for contained hemoglobin iron which value probably 
is too high, but at any rate 10 mg. or more Fe per 100 gm. red 
marrow is a much higher level for parenchyma iron than any other 
tissue. 

Mttscle parenchyma iron should be mentioned and includes heart 
and skeletal muscles. The average iron content (Table 5) is 3.1 mg. 
Fe per 100 gm. fresh tissue, and this is divided roughly 45% paren- 
chyma iron and 55% muscle hemoglobin iron. This gives about 
the same average value for parenchyma iron in the muscles as in 
liver, kidney and pancreas. It is of significance that in the face 
of long continued severe anemia and urgent need for iron from any 
availalDle source, the dog does not draw on either the muscle paren- 
chyma iron or the muscle hemoglobin iron. Conversely when iron 
is given in abundance by mouth or by vein a surplus is not stored 
in the muscles. A 10-kilo dog will have 2500 to 4000 gm. of striated 
musele, and this means 80 to 125 mg. Fe. This is to be compared 
with the stores of Fe found elsewhere in the non-anemic normal 
dog of 10 kilos weight. The dog will have a circulating blood volume 
of about 900 cc., containing about 180 gm. hemoglobin or the 
equivalent of 600 mg. Fe. According to Table 3 there would be in 
reserve in the fiver about 90 mg. Fe and in the spleen only about 
12 mg. Fe. The reserve in the red marrow is largely guesswork 
but might amount to 30 to 50 mg. Fe. The dominance of the fiver 
in reserve iron storage is obvious. 

Absorption of iron from the intestine is influenced by many factors 
but we have no evidence that there is any difi:‘erenGe in the dog due 
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to the ferrous or ferric state of the iron. The absence of bile does 
introduce a factor influencing iron absorption and there are prob- 
ably a host of factors which bear on this point of the absorption 
of iron contained in the food. 

It has been reported by several investigators^' ^ that the inges- 
tion of large daily doses of iron is followed by a decrease in blood 
phosphorus and may result in a severe rickets or even death. The 
mechanism for such a reaction would seem to be the formation of 
insoluble Fe and P compounds in the intestine, these being excreted 
as such at the expense of the body’s supply of phosphorus. If 
this is true it is logical to suppose that normally something approach- 
ing the converse takes place, with reference to the absorption of 
iron. The average diet often contains 50 to 60 times the weight 
of P as compared with Fe. 

Iron given intravenously to the anemic dog will eventually be 
returned quantitatively in new hemoglobin and red cells, and we can 
account for 100% of the injected Fe as seen in Tables 5 and 6 (pre- 
ceding article).^ Yet when we attempt to trace and account for this 
iron (Tables 1 and 2) a day or two later we find but 55 to 70 %. Obvi- 
ously it must be in the body in some form or other. Various possi- 
bilities have been discussed related to the red marrow particularly, 
but we have not as yet excluded the possibility of some iron circu- 
lating in the blood other than hemoglobin iron and the usual, 
plasma iron. 

Summary. Reserve hon storage in the dog can be exhausted 
during 2 to 3 months by a continuous anemia with hemoglobin level 
maintained at one-half to one-third of normal. Given this elim- 
ination of reserve iron we may attempt to trace iron given by mouth 
or vein. 

A rapid turnover of iron is the conspicuous feature of the experi- 
ments dealing with iron given by mouth and short feeding experi- 
ments (1 to 2 days) give no evidence of anj'^ iron store in the liver. 
As the iron feeding experiments are lengthened we see a variable 
accumulation of iron in the liver, but the amounts are small and 
a very rapid appearance of the iron in matured hemoglobin is the 
conspicuous feature. 

_ The importance of bloodfree organs is stressed, and other method 
difficulties are discussed. 

Parenchyma iron of various bloodfree organs is relatively a con- 
stant in these dogs. Liver, kidney and pancreas average 1 to 2 mg. 
Fe %. The lung is a little higher, or 3 mg. Fe %. The spleen is 
still higher, or 5 to 6 mg. Fe %. The red marrow apparently has 
the highest level of parenchyma iron— an uncertain figure but 
probably in excess of 10 mg. Fe %. The striated muscles actually 
rate with the liver and kidney, although the average for total 
contained iron is 3.1 mg. Fe %. About 1.6 mg. Fe is muscle hemo- 
globin iron, leaving the parenchjona iron as 1.5 mg. Fe %. 
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Muscle hemoglobin iron and muscle parenchyma iron are inviolate 
stores of iron which are not dra^vn upon no matter how great is 
the emergency due to anemia. Conversely no surplus iron can be 
demonstrated in this tissue where iron is given intravenously. ■ 

Iron depletion can be carried to a point where there is almost a 
complete cessation of hemoglobin production in a standard dog on 
a diet very poor in iron (Table 4). 

Intravenous iron in the doses given will result in large storage 
in the liver and spleen— 55 to 70% of the total Fe given. We are 
not prepared to say where the remaining iron is to be located in 
the body tissues or fluids but it certainly is not eliminated. 
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THE AFTER-HISTOEY OF LIPOID NEPHROSIS.* 

By Ralph H. Major, M.D., 

PHOFESSOH OF MEDICINE, UNIVEHSITY OF KANSAS, KANSAS CITY, KANS. 

(From the Department of Internal Medicine, University of Kansas.) 

The condition loiown as lipoid nephrosis, or chronic nephrosis, 
has been the subject of much controversy the past few years. Our 
interest in the condition began 10 years ago when we studied a 
patient and later followed him to autopsy. This case was reported 
in 1925. Since that time we have had the opportunity to study 7 
additional cases presenting this unusual syndrome. Two of these 
patients, leaving the hospital after marked improvement, disap- 
peared from view and we have been unable to trace them. The 
other 5 patients have been kept under constant observation and 
their subsequent course recorded. This makes a total of 6 cases 
which have been followed with reasonable care and persistence. 

It is not the intention of this paper to review the arguments for 
and against the use of the term nephrosis, or whether the isolation 
of this syndrome as a distinct type of nephritis is justified. It is 
also not our purpose to discuss whether this is only a masked form 
of glomerulonephritis, or whether we are justified in calling it 
diabetes albuminurica. This entire controversy was very ably dis- 
cussed by Christian in 1929, and the articles which have appeared 
since his review have not aided materially in solving the problem. 
Cliristian collected 18 adult cases with autopsy, the average dura- 
tion being 8.8 months. He adds, “Clinical reports indicate frequent 
recovery, but the literature is devoid of much in the way of follow- 
up of these cases in later years to see whether or not their apparent 
cure is complete or not.” In renewing the literature we have noted 
that certain cases were reported after a very brief observation, and 
notes on the subsequent course of the history were lacking, while 
other cases had been seen in the terminal stage and were reported 
with autopsy findings. For this reason we thought a record of our 
cases might be of some interest, for, although small in number, 1 of 
the patients has been followed for 8 years, 2 for 4 years, and 1 for 3 
years. 

In the diagnosis of this condition we have applied the usual 
clinical and laboratory criteria. All these patients have shovm 
marked edema, normal blood pressure, absence of cardiac enlarge- 
ment, heaA^ albuminuria, high blood cholesterol, low blood proteins, 
usually with inversion of the albumin-globulin ratio, and a dimin- 
ished basal metabolic rate. "We have excluded 4 patients who were 

Read at the Annual Meeting of the Association of American Physicians, Atlantic 
City, N. J., May 7, 1935. 
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thought at first to have lipoid nephrosis, but after obserA-ation of a 
few weeks showed an increasing nitrogen retention with an accom- 
panying increase in blood pressure. Three of these patients were 
diagnosed as chronic nephritis and the diagnosis later verified by 
pathologic findings. One patient showed at autopsy amyloid 
kidneys. A brief summary of our patients diagnosed as lipoid 
nephrosis is as follows : 

Case Reports. Case 1. — Male, aged 34, was admitted to the University 
of Kansas Hospital on July 3, 1924, and dismissed on August 5, 1924. This 
patient suffered from marked edema of the legs and abdomen. The heart 
was not enlarged on physical examination ; roentgenogram showed its out- 
lines to be within normal limits. The patient’s blood pressure was normal 
tliroughout the period of obser\'ation, the systolic pressure varjdng from 
135 to 145, diastolic from 90 to 100. Patient’s blood cholesterol on 3 
examinations was 344, 360 and 242; blood urea on 3 occasions was 14, 10 and 
6; serum albumin on admission was 2 gm. per 100 cc.; senim globulin, 4 gm. 
per 100 cc.; phenolsulphonephthalein test, 22% in 2 hours. The urine 
showed verx' hea%y clouds of albumin and on microscopic examination 
numerous cholesterol crj'stals. The basal metabolic rate was —10%; 
IVassermann and Kahn reactions negative. Death occurred 1 week after 
discharge. 

At partial aviopsy, examination of the kidneys and liver was permitted. 
The pathologic diagnosis was chronic interstitial nephritis with lipoid 
infiltration. There was a superimposed acute nephritis, but chronic glo- 
merular changes were neither marked nor extensive. 

The histologic report of the kidney sections is as follows; The picture in 
the kidney varies in different fields. In some places the glomenili are in- 
tensely engorged with red blood cells and in others verj’- few red cells are seen 
and the endothelial cells are swollen and filled with large vacuoles. Some 
are larger and show a tuft wliich is largely replaced by masses of fibrous 
tissue due to proliferation of the tissue about the Bo^vman’s capsule. The 
tubules show a varjdng grade of degeneration, in some places nothing but 
cloudj’’ swelling and in others considerable dilatation and pressime atrophy 
of the cells. Toward the medulla many of the cells show a peculiar change 
in that they are swollen and show a verj-^ markedly vacuolated cytoplasm 
suggesting a lipoid type of cells. In this region also there is marked prolifer- 
ation of some of the cells in the collecting tubules with a desquamation 
presenting a picture somewhat suggestive of acute nephritis. There is some 
infiltration of large and small mononuclears throughout the stroma. The 
stroma is irregularly increased tow'ard the cortex, showing a rather patchy 
distribution. Hj^alin casts are present in many of the collecting tubules 
and a few of the convoluted epithelial tubules show vacuoles and cells of 
the c 3 doplasm suggesting a vacuolar tj^re of degeneration or a lipoid change. 

Case 2. — Male, aged 30, w-as admitted to the University of Kansas 
Hospital on August 1, 1930, and dismissed on August 28, 1930. The 
patient at this time showed a verj-^ marked edema and a heavy albuminuria. 
His blood cholesterol was 420 mg., serum albumin 2.7, serum globulin 1, 
the blood chemistrj’’ othervsose normal. The basal metabolic rate — 15 %, the 
Wassermann and Kahn reactions negative. The patient was dismissed 
from the hospital much improved. He w'as readmitted on April 21, 1931, 
and remained until May 2, 1931. Phenolsulphonephthalein was 100% in 
3 hours; blood cholesterol 400 mg. per 100 cc.; serum albumin 1.65; serum 
globulin 1.85. He was again admitted on May 5, 1931, and dismissed on 
hlay 27 with no essential change in the physical findings. _ March 15, 1932, 
he was again adjnitted into the hospital shovdng at this time blood choles- 
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terol 566, serum albumin 1.9, serum globulin 2.4, blood pressure 100 sys- 
tolic, 80 diastolic. He was again dismissed improved. On later admissions 
(from June 21 to July 23, 1932, and from January 15,^1933, to April 21, 1933) 
he showed essentially the same picture. His last admission was on September 
21, 1933, when he again showed a very marked edema, and now nitrogen 
retention, as well as an increase in blood pressure. The non-protein nitrogen 
on admission was 36 mg. per 100, on November 18, 1933, was 112, and 
creatinin rose from 1.2 to 2.1 mg. per 100 cc. The total blood proteins 
were consistently low, varying from 2.2 to 3.1 gm. per 100 cc. Death 
occurred on November 19. The day of death the non-protein nitrogen was 
120 mg., urea 69 mg., creatinin 2.5 mg. per 100 cc. The patient’s blood 
pressure, which on admission was 130 systolic, 80 diastolic, rose to 190 
systolic and 122 diastolic on November 6. 
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Fig. 1. — Studies of the nitrogen balance in Case 2. 


Pathologic diagnosis: Chronic glomerulonephritis, vdth extensive fatty 
change, chronic myocarditis, chronic splenitis and perisplenitis; hydropic 
degeneration and chronic passive congestion of the liver; acute broncho- 
pneumonia, and generalized anasarca. 

The histologic report of the kidney sections is as follows: Most of the 
glomeruli are large but some appear shrunken. All of the tufts are avascular 
and fibrosed and show some degree of pseudplobulation. Frequently they 
are adherent to the capsule. Some appear cellular and contain a few polyps. 
A more striking change is the dilatation and degeneration of the tubules,, 
especially the convoluted tubules which are considerably distended and 
yarj"- some in size and shape. In some places the epithelial lining of the 
tubules is flattened and appears degenerated. The cells stain a deep pink 
and are considerably disintegrated though usually intact. Some desqua- 
mated epitlielial cells are seen, however, in the lumen. In other areas the 
^ithelium is swollen and presents a rather foamy vacuolated appearance, 
llie nuclei are occasionally absent. There is a marked increase in the 
stroma and patches of fibrous tissue containing small, irregular tubules 
and infiltrated \vith mononuclears. Triangular, fibrotic areas containing 
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some hyalinized glomeruli are seen just beneath the capsule. occasional 
hyalin cast Ls seen. The medulla is veiy congested and edematous in 
appearance. IManj' of the collecting tubules are dilated and a few contain 
hyalin casts. A few mononuclear cells are scattered throughout . Trichrome 
stains show a marked increase in the stroma v.dth only remnants of epithe- 
lial tissue most apparent in the glomeruli. Fat stains shov.- many fat drop- 
lets in the kidne 3 ' tubules, especiall\- the convoluted ones. There is very 
little fat elsewhere. 

This patient was under observation -3 j'ears. 

These 2 patients were the only fatalities in our series. 

Case 3. — Female, aged 3.5, was admitted to the Universitj* of Kansas 
Hospital on !March b, 1927, complaining of marked swelling of the feet 
and abdomen, and remained until .July 13, 1927. The edema in this case 
was erfreme. and on one occasion both legs were punctured repeatedh- ^vith 
a hj'podermic needle and in 4 hours 2 liters of fluid were collected. Her urine 
contained consistenth- large amounts of albumin and cholesterol ciystals. 
The serum albumin on March 7 was 3.2 gm. per 100 cc. Basal metabolic 
rate was —G'\: tVassermann and Ivahn reactions negative. The blood 
pressure throuchout her stay in the hospital varied from 130 to 140 sj’stolic, 
and 30 to 90 diastolic; blood cholesterol varied from 2.5S mg. per 100 cc. 
to 625 mg. The values for non-protein nitrogen, urea, creatinin, chlorids 
and sugar were consistenth- normal. At the time of her dismissal from the 
hospital blood cholesterol was 300. This patient left the hospital much 
improved and was seen on November 4, 1927. At this time her urine showed 
a trace of albumin; blood pressure was 140 .sj-stolic. 95 diastolic; blood chol- 
esterol 250. 

Since lea%-ing the hospital she has steadily improved, and was examined 
on November 28, 19-34. At this time her blood pressure was 132 SA-stolic, 94 
diastolic. She appeared in perfect health; urine was negative for albumin 
and sugar. She was not aAvare of anj-thing abnormal in her condition and 
considered herself in perfect health. This patient has been under observa- 
tion 8 A-ears. 

Case 4. — Female, aged 53, was admitted to the UniA-ersitj- of Kansas 
Hospital September 24, 1931, and dismissed December 10, 1931. This 
patient on admission showed A-eiy marked edema of the legs and heaAy 
albuminuria. The blood cholesterol was 428 mg. per 100 cc., serum albumin 
1.92. serum globulin 0.94 gm. per 100 cc. Phenolsulpbonephthalein test 
showed .50 37 in 2 hours. The basal metabolic rate was — IS %; 'Wassermann 
and llahn reactions negative. The patient’s blood pressure during her staj- 
in the hospital varied from 120 to 140 sA-stolic and 90 to 95 diastolic. The 
edema cleared up during her staj- in the hospital and on December 5, 5 
daA's before dismissal, her blood cholesterol was 441 mg. per 100 cc., serum 
albumin 2.48. and serum globulin 1.90. Patient was seen on June 14, 1932, 
at wliich time the urine contained a faint trace of albumin, not enough for 
quantitath-e estimation. On -JxiIa' 13, 1932, the urine was negatiA-e for 
albumin and also again on October 3. On Januaiy 11, 1932, the patient’s 
urine was negatr.-efor albumin and sugar, specific graAdtA-was 1.020, blood 
cholesterol 208 mg., serum albumin 4.9, serum globulin 1 .9. On October 9, 
1933, urine was normal, blood cholesterol 283, serum albumin 4.4, serum 
glnh ulin 2.0. Since that time the patient’s blood and urine baA'e been 
repeatedly examined, last examination being Februaiy 6, 193-5, when the 
urine was normal, the blood cholesterol 236 mg. per 100 cc., total blood 
proteins 6.32 gm. per 100 cc. At the present time she is_apparentl 3 ' well. 
This patient has been under obserA-ation Al A'ears. _ 

Case 5. — Male, aged 17, entered the UniversitA- of Kansas Hospital 
Srst on .JuIa' 9, 1931, and was dismissed on IMarch 24, 1932. He showed the 
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usual picture of marked edema and hea\'y albuminuria. The basal metabolic 
rate was —14%, the Wassennann and Kahn reactions negative. Blood 
cholesterol during this admission varied from 460 to 263 mg. per 100 cc. 
On admission the blood cholesterol was 263 mg. serum albumin 1.5 gm. 
and serum globulm 4.9 gm. per 100 cc. During this admission the blood 
cholesterol at one time rose to 536, serum albumin fell as low as 1.6 and the 
serum globulin to 2.7 . Phenolsulphonephthalein test on admission was 60 % 
in 2 hours. The blood pressure varied from 110 to 130 s3'stohc, and 75 to 
85 diastolic. The patient was dismissed on March 24, 1932, blood choles- 
terol at this time being 267 mg., serum albumin 3.5 and serum globulin 
3.37. He was readmitted on June 3, 1932, and dismissed December 21, 
1932. The edema during this stay was much less marked. At the time of 
his dismissal the blood cholesterol was 193 mg. per 100 cc., serum albumin 
4.15, and serum globulin 2.9. This patient has constantlj’- improved since 
his return home. On Februarj^ 15, 1934, his blood pressure was 120 systolic, 
75 diastolic; phj'^sical examination revealed nothing abnormal. The exami- 
nation of urine at this time was negative. It contained no albumin, no sugar, 
and no casts on microscopic examination. The patient considers himself 
well and is so considered bj^ a colleague who now has him under observation. 
This patient has been under observation 4 years. 



Fig. 2. — Studies of the nitrogen balance in Case 6. 


Case 6. — Male, aged 19, was admitted to the University of Kansas 
Hospital on Februarj^ 26, 1932, and discharged April 2, 1932. He showed 
a very marked edema. Blood cholesterol on admission was 882 mg., serum 
albumin 1.83 gm., serum globulin 0.6 gm. per 100 cc., with a marked albu- 
imnuna. The patient’s blood pressure varied during this stay from 120 
to 130 sjistolic and 80 to 90 diastolic. Basal metaboUc rate was —18%; 
H assermann and Kahn reactions were negative. He was dismissed much 
improved; but was again in the hospital from November 23 to December 1, 
1932, showing essentially the same picture as on first admission. He was 
again admitted for observation on April 2, 1933, and dismissed on April 24, 
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1933. Patient -was readmitted October 19, 1934, for observation, and -was 
dismissed on October 2S, 1934. During this admission he shoved a blood 
cholesterol of 157, serum globulin 3.1. Phenolsulphoncphthalein test 
showed So % in 2 hours. The urine still contained a hca-\y cloud of albumin. 
Patient’s last period of observation was from Januarj^ 22 to .Tanuar 3 ' 25, 
1935, when he was admitted sulTering from acute pharyngitis. At this time 
he showed no edema. His blood pressure at this time was 120 systolic, SO 
diastolic, blood cholesterol 21S mg., serum albumin 5.4, serum globulin 3.2. 
On examination of the urine, one specimen contained no albumin, two other 
specimens contained a trace. The patient feels perfectly well, although the 
urine still shows albumin. 

Summary. Six cases presenting the syndrome of lipoid nephrosis 
have been studied. Two of the patients died, both showing at 
autopsy marked acute glomerular nephritis with evidence of chronic 
glomerular changes. Four of the patients are alive, 3 of them are 
clinically well, 1 appears in good health and still shows a definite 
but not constant albuminuria. The 3 patients who have a])parently 
recovered have been under observation 8 years, 4-^ years and 4 
3 'ears. The patient who has recovered except for a slight albumin- 
uria has been under observation 3 years. 

A few words regarding the therapy in these cases may be of inter- 
est. We have emiiloyed at one time or other practically every 
method of treatment recommended, including high protein diets, 
blood transfusions, intravenous glucose, thyroid extract, para- 
thormone, various diuretics including novazurol and salyrgan. 

We have given our patients from 70 to 100 gm. of protein daily. 
Very high protein diets in our experience present a difficult problem. 
Studies of the nitrogen balance in 2 patients also indicated that an 
excess of protein intake was not stored but excreted as urinary 
nitrogen (Figs. 1 and 2). 

Blood transfusions and intravenous glucose injections were 
apparently of temporary value at least. We have not found thy- 
roid. extract or parathormone of any definite value. Bacterial 
antigens were of questionable value. We have seen no detrimental 
effects from the use of. novazurol or salyrgan. At times they pro- 
duce abundant diuresis, at other times no apparent effect. One 
patient (Case 2), was given intravenous gum acacia and a few days 
later developed an acute nephritis Avith exitus. This may, of course, 
have been merely a coincidence. 

The last 3 patients have been placed on a very high carbohydrate 
diet from 600 to 800 gm. daily, occasionally as high as 1000 gm. 
They have improved remarkably, either as a result of the diet or 
because of the healing poAvers of nature. 
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(From the Renal Clinic, -j- the Robinette Foundation and the Department of Surgery, 
Hospital of the University of Pennsylvania.) 

The coexistence of tumor of the parathyroid bodies and patho- 
logic changes in the kidneys was i-ecorded by.McCallum,^ in 1905, 
and has since been encountered by pathologists with considerable 
frequency. The recent advance in knowledge of the functions of 
the parathyroid glands has now provided an explanation, based on 
the known disturbances in mineral metabolism which accompany 
parathyroid dysfunction, for this combination of circumstances. 
Originally a matter of interest to jfathologists, the association of 
renal and parathyroid lesions now concerns the clinician as well, 
since the awareness of this relationship lias often led to the early 
diagnosis of hyperparathyroidism. Albright and his colleagues- 
have divided the renal lesions in hyperparathju’oidism into three 
types. Type I consists of pyelonephritis secondarj^ to the forma- 
tion of calcium phosphate stones in the renal pelves. To Type II 
belong the cases with deposits of calcium in the renal parenchyma, 
and to Tj^pe III those patients showing signs of acute parathyroid 
poisoning with anuria. The frequency with which Type I lesions 
occur in this condition is now generally appreciated. The second 
type of renal complication of this disease, however, the diffuse 
calcification of the renal parenchyma without calculi in the kidney 

* Presented before the American College of Physicians, Philadelphia, May 1, 1935. 
t Aided by a grant from the Commonwealth Fund. 
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pelvis has been frequently described by pathologists, but the clin- 
ically detectable disturbances attributable to it, though recognized, -•“ 
are less well delineated. 

The present communication describes a patient, proved to have 
the classical syndrome of hyperparathyroidism, with parathjToid 
tumor, osteitis fibrosa cystica and diffuse calcification of the kidneys, 
whose disease escaped detection for an unknown period because 
the observed disturbances in renal function were regarded as arising 
from an atypical form of chronic glomerulonephritis. Removal of 
the tumor has been followed by disappearance of all evidence of 
hyperparathyroidism. Detailed studies of renal function before 
and after parathyroidectomy indicate, however, that no significant 
change in the renal findings has occurred. 


Table 1. — Blood and Uhtne Data or Case R);ronTnD. 



Normal. 

l/iw-’ti. 

2;22;31. 

5/,V3l. i 

r./2<i/3i. 

'.1/20/31.' 1/10/3.5. 

ll/17/3j.;4/.3/35.|4;t;3j. 

B. U. N., iPg./lUO cc. 

\tt 0 

31 3 

37 2 

33 -1 


20 •! i 

21.3 : 

j 

.21.4 j 

i 

Plasma protiin G/lfp cc. 

7 u 


7.7 



7.C j 

! 

1 


7.48 j 


XJrioc volume, cc./12 Utf.* 

3S0 

CC.O 

cai 

■•t.-i 


1 377 j 


i 

! 

810 

i 

Specific grayity after' fluid 
restriction* .... 

1 025 

1 OKI 

1 010 

1 009 


1 

1.010 j 

1,010 ! 

Ii.oin 

1 

Reaction 

Acid 

Acid 

Arid 

Acid 

.\cid 

Acid ! 

All:. 1 

1 

Acid 1 

1 

Protein, m?./12 hrs. . . 

100 or !c5R 

13 

202 

111 



m 



Casts, per 12 hrs, . , , 

; SOOU gr 

1 less 

0 

I0,.W0 

5S,(M)0 


« 1 

1 



■ 

R.B. C.,mi!lions/12hrs. . 

O.uTniUiou 
j or less 

0 02 

0,76 

1 1 


0.2:) i 

i 0.03 

i 0.53 ! 

i 


Urea clearance (12 lir.) 
% of normalf . . . 

1 100% 

27 

' 23 

, 21 

ISt 

2S 1 

i 27 

j 

; i 

3G 

34} 

Glomerular filtr., cc./min.§ 

' 100 cc. 
j per min. 




2S ' 

1 

1 

i 42 

; j 

1 

\ 

\ 

44 


* The technique of Addis-* was followed in ttic eoncentnation test and sediment count. 

1 Comparison of 12- and 2-hnur urea ctearaiice-s to be published by Landis et ai.“ 
j Two-hour urea clearances liy tiie Van Slykc technique. 

I Measured by the creatinin method of Rclilx-rg.** 

Case Report. Miss M. F. (U. H. No. 34~16S12), aged 35, a trained 
nurse, reported to one of us 0?. C. W.) in January, 1934, for a periodic 
health examuiation. As a girl she was unusually athletic, engaging in the 
most strenuous forms of exercise without difficulty. She enjoyed good 
health from 1920 to 1923 while she was a student nurse. When first seen 
she was actively engaged in visiting nursing, as she had been for the past 
7 years. Although able to carrj*^ on her work, she had not felt well for 
several years. Since 1930 there had been increasing lassitude, and fatig- 
ability. In 1931 or 1932 pobniria, polydipsia and nocturia appeared. 
She drank 12 to 15 glasses of water a day and 2 to 3 at night. Severe 
constipation required a daily enema. From 1932 to 1934 several attacks 
of fleeting joint pains occurred in the feet, ankles and elbows, associated 
with slight swelling but no redness of the involved joints. Yearly exam- 
inations of the urine, begun elsewhere in- 1928, had revealed slight albumin- 
uria and cylindruria. The specific gravity of the urine did not exceed 1.010. 








Fig. 1 
a 



b 

(а) Section from the right upper parathyroid gland sho-vring normal structure. 

(X 640.) 

(б) Section from the parathyroid adenoma showing “'W’asserhelle” cells. (X 540.) 
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A secondary anemia was present. The basal metabolic rate was —12% in 
1932. Thyroid therapy for a few months gave some relief from the asthenia. 
A low-protein diet was also prescribed at this time. Most of the teeth 
were removed in 1932 following a severe gingmtis. No history was obtained 
of previous nephritis or of scarlet fever. Upper respiratory infections had 
been infrequent and mild. The weight was 128 pounds in 1931 and 94 
pounds in 1933. In rdew of the reported urinary abnormalities, tests’" of 
renal function were carried out in Januarj' and February, 1934, with results, 
shown in Table 1, which led to a diagnosis of chronic diffuse glomerulo- 
nephritis. In May, 1934, the patient was admitted to the medical clinic 
of this hospital for more extensive study. 

Phjsical Examination (May 5, 1934). Height, 601 inches. Weight, 
971 pounds. Blood pressure 110/80. The skeleton was unusual in that 
the head was disproportionately large, and the lower extremities were 
somewhat underdeveloped. The sldn was sallow and the mucous mem- 
branes pale. ' The eye grounds were entirely normal. All but two teeth had 
been removed. The tonsils appeared to be infected. A soft systolic murmur 
was heard over the heart, which was normal in size and configuration. Phys- 
ical examination was otherwise normal. 

Laboratory Examinations. Erythrocytes numbered 3.8 million; hemo- 
globin, 66% (Sahli). Blood smears were .normal except for moderate 
anisocytosis and poildlocytosis. Repeated urine examinations disclosed a 
specific gravity wliich varied between 1.005 and 1.010. There were' traces 
of albumin in all specimens examined. No erythrocytes were observed. 
The 'average voluntary daily fluid intake was 2100 cc., the urinary output 
1350 cc, Phenolsulphonephthalein elimination was 33% in the first hour, 
15% in the second. Further renal functional tests are shown in Table 1. 
Blood sugar was 92 mg. per 100 cc. The basal metabolic rate on 2 occasions 
was —15% and —22%. Serum cholesterol was 424 mg. per 100 cc. Elec- 
trocardiogram revealed a P-R interval of 0.23 second, but was otherwise 
normal. 

Course in the Hospital. The tonsils and the two remaining teeth, both 
infected, were removed. In view of the history of polyuria and polydipsia, 
a Roentgen ray examination of the head was made which revealed abnormal 
osteoporosis of the skull, suggesting the possibility of hyperparathyroidism. 
Investigations to test this possibility showed that all essential criteria 
were satisfied. Serum calcium was 15 mg. and serum phosphorus 2.7 mg. 
per 100 cc. Blood phosphatase liberated 0.24 mg. phosphorus per cc. of 
serum. Roentgen ray examination of the bones showed localized areas of 
bone destruction with cyst formation in the pelvis, spine, femora, humeri 
and bones of the hands. There was considerable cupping of the bodies 
of the vertebr®. Roentgen ray examination of the abdomen showed diffuse 
.mottled opacities in the region of both Iddneys. An intravenous urogram 
revealed no stones in the renal pelves. A diagnosis of ’hjpperparathyroid- 
ism with osteitis fibrosa cystica and parenchymal calcification of the kid- 
neys was made. The patient was transferred to the Surgical Division and 
an operation "was performed on May 29, 1934. 

Operative Findings. Examination of the posterior aspect of the right 
lobe of the thyroid gland revealed a yellowish body approximately 5 by 
7 by 2 mm. situated immediately below the superior pole, near the medial 
border of the_ gland. Biopsy specimen was identified in frozen section as 
parathjnoid tissue and the nodule was removed. In a corresponding posi- 
tion on the left side a normal-sized parathjwoid gland was identified but 
not removed. Careful search below the inferior pole of the left lobe revealed 
an encapsulated jmUow mass approximately 20 by 10 by 10 mm. closely 
attached to the inferior thyroid vessels and the recurrent laryngeal nerve 
and situated almost behind the clavicle at the sterno-cla'vicular junction. 
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This proved to be a parathjToid adenoma on microscopic examination, and 
was completely removed. 

Photomicrographs of the tissues removed at operation are shown in Fig. 1 . 

Postoperative Coarse. On the daj' before operation serum calcium was 
IS mg. per 100 cc.; 21 hours after operation it had fallen to 1.3 mg. and 
7 hours later to 11. .5 mg. per 100 cc. On the 2d and 3d postoperative 
days it was 10,4 mg. per 100 cc. A week after operation serum calcium 
was 8 and serum phosphorus was 4 mg. per 100 cc. Three days later the 
patient experienced paresthesias in the face and extremities, l:)ecame very 
apprehensive, and developed severe tetany, which was relieved by intra- 
venous administration of calcium gluconate and jjarathyroid hormone. 
Within a few daj's after operation the patient became free of poljuria and 
polydipsia. As soon as she was ambulatori' she stated that she felt better 
than at any time in the past 5 years. A concomitant improvement in lier 
mental outlook was equally striking. High-calcium diet with viosterol 
was prescribed, and the patient left the hospital on July 3, 1934, at which 
time serum calcium and phosphorus were 9.4 and 4.4 mg. per 100 cc., 
respectively. Two weeks later she omitted the usual doses of calcium 
Ijecause of nausea, and again developed mild tetany which was controlled 
with calcium gluconate given intravenousl 3 -. From that time until the 
present (April 30, 1935) there has been a steadj' improvement. Gain in 
strength has continued until the patient now feels entirelj' well. The 
intractable constipation has entirelj' disappeared. There has been a gain 
in weight of 11 pounds. On Februarj' 20, 1935, the basal metabolic rate 
was -1-7% and the serum cholesterol was 310 mg. per 100 cc. Frequent 
anal 3 'ses have shovm the serum calcium and phosi)horus to be normal. 
Blood phosphatase liberates 0.14 mg. of phosphorus per cc. of serum. 

The renal and osseous lesions have not shown comparable imj^rovement. 
Table 1 contains data which indicate that there has been a slight but prob- 
ably insignificant increase in renal function since removal of the tumor. 
Roentgen examination made on April 3, 1935, showed that the bones were 
essentiall 3 ’’ unchanged in appearance. The calcium deposits in the kidneys 
were likemse unaltered. The patient resumed her full duties on Sep- 
tember 1, 1934, and has continued them uninterruptedly up to the present. 

Discussion. In considering the pathogenesis of the present case, 
we have taken the prevailing view that a parathAToid tumor is 
responsible for evidences of hyperparathyroidism, and that calcium 
deposition in the kidneys is a consequence of the disturbed mineral 
metabolism which characterizes that condition. Hypercalcemia and 
an unusualh’' high concentration of calcium and phosphate in the 
urine, which occur both in experimental and clinical hx'perparathy- 
roidism, have been regarded as the factors responsible for the 
deposit of calcium in the kidneys. The suggestion has been made 
that since the renal cells elaborate urine which is distinctly acid, 
the reaction wdthin the cells is, in consequence, more alkalin than 
that of the blood, which condition predisposes to intracellular pre- 
cipitation of calcium phosphate. This conception, however attrac- 
tive, does not rest, as far as wm are awmre, on direct experimental 
evidence. It is not easily reconciled wdth the observation that the 
calcium deposits in the kidney of h3q5erparath3’roidism are very 
wndespread,-* occurring within the glomerular capillaries, the walls 
of the capsule of Bowman, and the capsular spaces and the lumina 
of the tubules, w^here, judging from evidence obtained from the 
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amphibian kidney,® the reaction is either that -of the blood or is 
distinctly more acid. Whatever the mechanism concerned, however, 
it is an observed fact that the administration of excessive amounts 
of parathyroid hormone to dogs results in the deposition of calcium 
in the kidneys, and produces renal insufficiency.®'^ This seems to us 
to warrant the assumption that an excessive secretion of parathy- 
roid hormone in the human may likewise result in calcification of 
the renal parenchyma which ultimately alters renal function. 

A difterent conception of the sequence of events is held by some 
writers. Hyperplasia of the parathyroid bodies, observed in chronic 
renal disease,®'® has been looked upon as evidence of the occurrence 
of secondary hyperparathyroidism. The relationship between 
chronic nephritis and enlargement of the parathyroids is not clear, 
but in the recent opinion of Pappenheimer and Wilens® and Smyth 
and Goldman^® the kidney disease is regarded as primary, initiating 
a secondary and presumably compensatory hyperplasia of the para- 
thyroids. The purpose of the compensatoiy reaction is presumablj^ 
to correct the disturbed ratio of calcium to phosphorus in the blood 
of patients with severe nephritis where phosphate retention and 
calcium depletion are often marked. The precise mechanism by 
which the normal ratio of calcium to phosphorus is reestablished 
is a matter of dispute. Albright and Ellswortffi^''® believe that the 
primary effect of the parathyroid hormone is to increase the excre- 
tion of phosphorus in the urine, thus reducing the serum phosphorus, 
which results in a reciprocal rise in serum calcium. Objections to 
this view are presented by Thomson and Pugsley.^® Whatever the 
mechanism may be, the observation that administration of para- 
thyroid hormone is followed by reduction in the blood phosphate 
aiid increase in the blood calcium''^ provides the basis for the belief 
that secondary hyperfunction of the parathyroid glands may oper- 
ate to prevent phosphate retention in nephritis. The fact is, how- 
ever, that elevated blood phosphate and reduced blood calcium are 
very frequently observed in chronic nephritis, as, for example, in 
de Wesselow’s series,^® where 13 out of 69 patients had blood phos- 
phate of over 10 mg. per 100 cc. This would seem to indicate 
that a compensatory mechanism, if it exists, frequently fails to 
prevent retention of phosphate in the blood. Phosphate retention 
was never observed in the patient we are reporting, hence this 
hypothetical stimulus to parathyroid hyperplasia was non-existent 
at the time of our observations. The fact that the blood calcium 
and phosphorus returned to their normal concentrations immedi- 
ately^ following removal of the parathyroid adenoma and have 
remained there for the following 10 months, during which time the 
hypothetical stimulus provided by decreased renal function may 
be presumed to have continued, seems to us to render exceedingly 
remote the possibility of hyperparathyroidism secondary to nephritis 
in the present case. 
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Clinical data from the few reported cases analogous to this one 
are too dissimilar to lend themselves to close comparison. However, 
certain common features are worthy of mention in considering 
whether any basis exists for difl’erentiation of this from other types 
of chronic renal disease. Many of the usual concomitants of chronic 
nephritis, c. g., retinal exudates and hemorrhages, cardiac enlarge- 
ment and peripheral eflema, are absent or \Try inconspicuous in 
the reported cases of renal disease in hyperparathyroidism. A 
marked grade of renal insufficiency may exist, as in the present 
patient, without elevation of the blood pressure.''’'^'’'**^"*^ The urinary 
sediment is unusual in that the excretion of red cells, casts and 
albumin seems low in projiortion to the degree of functional failure 
present. No one of these unusual features constitutes a trustworthy 
differential point, but together they result in a clinical picture 
sufficiently bizarre to suggest a search for other eauses of renal 
•failure. 

A possible feature of differential value has been suggested by 
Albright and Bloomberg,-® who have obtained from some of their 
patients granular casts which take up a specific stain for calcium 
and which dissolve when the urine becomes sufficiently acid. While 
not pathognomonic of hyperparathyroidism, their presence may 
suggest that possibility. No such casts were observed in our 
patient. 

Polyuria, nocturia and polydipsia occur with striking frequency 
in hyperparathyroidism. They may be due to renal damage with 
consequent inability to excrete urine of high specific gravity 
However, the fact that these symptoms frequently disappear imme- 
diately after removal of a parathyroid tumor suggests that they do 
not necessarily indicate structural renal damage, but are rather 
the consequence of the excessive urinary excretion of calcium and 
phosphorus. "NWien the inability to elaborate concentrated urine 
persists, as it has in our patient, for many months after correction 
of the disturbed mineral metabolism, it must be attributed to more 
permanent structural damage. 

The data contained in Table 1 indicate that renal function in the 
patient we have described has remained practically stationary for 
almost a year after operation. There has been a slight increase in 
the figures for urea clearance and for rate of glomerular filtration, 
but the changes are not striking. The prolonged P-R interval 
observed in the electrocardiogram has persisted unchanged despite 
parathyroidectomy. RS-T interval deviations, present in another 
such patient, were not seen in the present case. It is of interest 
that basal metabolic rate, observed to be low in the pre-operative 
period, spontaneously returned to normal after operation. 

Summary. A patient is described who presented evidences of 
chronic renal disease with marked reduction in renal function. 
The classical picture of hyperparathyroidism was subsequently 
discovered. Difltuse calcification of the renal parenchyma, demon- 
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strated roentgenologically, is regarded as secondary to the dis- 
turbances in mineral metabolism, and probably responsible for the 
observed reduction in renal function. Removal of a parathyroid 
adenoma has given complete recoveiy from hyperparathyroidism, 
but has had in the one intervening year no striking effect upon the 
renal lesion. 
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THE TREATMENT OF GONORRHEAL ARTHRITIS BY MEANS 
OF SYSTEMIC AND ADDITIONAL FOCAL HEATING. 
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The Focal Nature of Gonorrheal Arthritis. The therapeutic 
problem of gonorrheal arthritis is intimately associated with the 
treatment of the etiologic focus in the genitourinary tract. Ever 
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since Fuller,’ in 1905, stressed the importance of seminal vesiculitis 
in the male, the focal nature of this disease has been universally 
recognized. It is now generally conceded that in addition to the 
seminal vesicles, the prostate, posterior urethra and vas deferens 
play the most important roles as the offending sites in the male.-'” 
In the female the cervix is regarded as the chief focus fi-om whence 
gonococci may enter the blood stream and metastasize to the 
joints. 

The Use of Heat. Temjjerature elevation lends itself as a par- 
ticularly rational and effective agent for the treatment of gonor- 
rheal arthritis. As has been amply demonstrated in viirn the gono- 
coccus can be destroyed at a level and duration of temperature 
within the limits of human tissue tolerance and safety.”"'® The 
value of systemic elevations of temperature in gonorrheal arthritis 
has long been recognized, and the use of many agents other than 
physical ones have been widely advocated. Among these agents 
have been malaria, gonorrheal vaccines, typhoid vac- 
cines,®"- as Avell as intramuscular milk, peptone, horse serum, and a 
host of other proteins. 

Not only can eh'ective heat -dosage be applied with safety, but 
in gonorrheal arthritis heat can be utilized for many important 
therapeutic properties. Its direct destructive or attenuating influ- 
ence on the gonococccus, if properly applied, can be exerted simul- 
taneously in the blood stream, joints and in the areas of the original 
invasion. It is particularly important that the most vigorous 
action of heat can be exerted in the pelvic organs. In addi- 
tion to lethal or devitalizing action of heat directly on the gono- 
coccus it has other indii'ect beneficial effects. As Mann,-'* Cumber- 
batch and Robinson,® Lees,^" Hedrick-® and others have pointed out, 
heat in the pelvis expedites drainage from the cervix, prostate and 
urethra, relieves pain, reduces swelling and assists in the vasculariza- 
tion of the part, increasing cell metabolism. It is important to 
remember that it can accomplish those therapeutic aims in the 
tissues of the joints as well. Certain beneficial systemic effects 
are also achieved with elevations of systemic temperature, such as, 
increased speed of circulation and increased number of white cells 
and phagocytosis in the blood stream.-^ 

Combined Technique. The development of a technique to accom- 
plish these therapeutic desidei-ata was based on a concept outlined 
by one of us 5 years ago.-® The principle was to utilize combined 
systemic elevations of temperature with still higher pelvic heating. 
It was felt that a maximum effective dose of heat with a minimum 
of danger could be administered by this method. A technique 
which employed the short wave as the heating agent to achieve 
this dual heating effect was described in 1932.-® A report presented 
in 1932®® on the clinical application of the radiotherm technique in 
pehde inflammatory disease also included its successful use in 
gonorrheal arthritis. 
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Systemic elevation of temperature by physical means without 
additional pelvic heating has been employed by others in the treat- 
ment of gonorrheal arthritis-is-^*® Still others, i. e., Cumberbatch,^! 
Nagelschmidt,^ Mann,^^ van Puttee^s described the application of 
only local pelvic diathermy for this condition. 

The standardization and improvement on our original technique 
has depended on 4 factors: 1, The peak temperature necessary 
to kill all the known strains of gonococci; 2, duration of this peak; 

3, penetration of the heat into the local regions within the pelvis; 

4, .anatomic considerations. 

Carpenter, Boak, Warren and Wilson at Rochester found they 
could kill all strains of gonococci isolated from their patients in 
water baths at a temperature of 41.5° C. (106.7° F.) for 6 to 26 
hours.*^'^® Utilizing this laboratory data they elevated and main- 
tained the systemic temperature of each patient according to their 
findings. Boerner and Santos proved that the higher the tempera- 
ture the less time was necessary to administer a thermolethal dose.®^ 
They found that gonococci could be destroyed at 44° C. (111.2° F.) 
in one-half the time required at 42° C. (105.8° F.). The difficulties 
in determining the thermal-death time of every strain in all patients 
under ordinary circumstances and in subjecting these patients to 
systemic treatments for more than 6 hours were obviously too great 
for universal practical application. We believed that it was more 
practical and effective to combine the systemic elevation of- tem- 
perature (105° to 106° F.) with intensive heating of the pelvic foci 
(111° F.). 

Methods. We have used various measures for the elevation of systemic 
temperature. These have included short-wave radiation (radiotherm), 
diathermy and photothermy. The most satisfactory technique we found 
to be as follows; 

At the onset the patient was immersed in a water bath, the temperature 
of which was 100° to 102° F. The temperature of the water was then 
gradually elevated to 107° to 108° F. within about an hour. The rectal 
temperature was raised to about 105° F. -within this time. As soon as this 
systemic temperature was achieved, the patient was transferred to a bed. 
This bed was covered -with a hood containing a battery of 60-watt electric 
light bulbs. The photothermal effect of the lamps and the insulating prop- 
erties of ffie hood made it a simple matter to maintain the systemic eleva- 
tion of temperature. We considered it dangerous to attempt to maintain 
the temperature elevation in the hot bath. 

To secure additional peMc heating diathermy was administered. The 
active electrode -v'as inserted in the rectum or vagina. The dispersive 
electrode was divided into 4 sections to avoid overheating of the slSn and 
subcutaneous fat. In the female the rectal electrode was inserted and kept 
in place for li hours. The current was gradually increased so that the hot- 
■aare meter read 1500 to 2000 milliamperes. After this electrode was 
removed the vaginal electrode was inserted. The temperature of the 
tissue about the electrode was indicated by a thermometer within tin's 
dewce. This temperature was raised to 111° F. and then maintained for 
02 hours. The relationship between the temperature recorded by this 
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The anatomic structure in the male did not present a cavity into which 
a large metal electrode could be inserted so that it lay in close proximity 
to the genital foci of infection. It was found necessary to utilize the rectum 
for this purpose. To prevent overheating of the rectal mucosa while 
attempting to achieve a maximum heat influence upon the posterior 
urethra, prostate and seminal vesicles, _ the metal electrode was water- 
cooled. By this means the involved tissues at a distance were heated 
conversively while the rectal mucosa was protected by the conductive 
influence of the water. This cooling arrangement was necessary because 
the rectal electrode in the male was kept in place for 3 to 4 hours. The 
miUiamperage used was 1500 to 2000. 

By controlling the lights in the hood and the amount of diathermy cur- 
rent the degree of systemic temperature could be varied. The mouth 
temperature which usually was 0.7° F. below the rectal temperature, 
was used as the index of systemic elevation. The systemic elevation was 
maintained for 5 to 6 hours at about 105.5° F. by mouth. 

Adequate supervision and care were necessary to avoid serious sequelie. 
The patients were made comfortable by the use of sedatives. Water was 
given as desired. The preparation of the patient consisted of an enema. 
A light breakfast was permitted. Females were not treated for 3 daj''s 
before, during, or 3 days after the menses. 

Clinical Data. Number of Treatments. A group of 16 cases of 
gonorrheal arthritis, 8 male and 8 female, who receive this combined 
treatment are included in this study. The average number of 
treatments per case decreased as the technique w^as improved. 
From the very onset the female cases required fewer treatments 
than the male because effective pelvic heating was more easily 
achieved in the former. The 8 women received an average of 2.1 
treatments per case; the 8 men got an average of 3.5 treatments per 
case. The largest number of treatments given to any one case 
was 6. When the radiotherm was used, the 4 male and 3 female 
cases treated with it averaged 3.5 treatments per case. Later vdien 
diathermy was substituted for radiothermy, the technique became 
more successful. The 6 cases, 4 men and 2 wmmen, treated with this 
improved procedure had an average of 2.83 treatments per case. 
After the bath technique was introduced, 3 females w'ere treated. In 
each of these cases only one treatment was found necessary for 
their arthritic complications. Recently vdth the use of the vuter- 
cooled rectal electrode in the male 1 treatment sufficed to clear up 
the urine in the second glass of the tiro-glass test. 

Interval Bekoeen Treatments. The shortest interval between 
treatinents was 2 days; the longest 13 days. The 17 treatments 
administered to the 8 females ivere spaced at average intervals of 
2.7 days apart; the 28 treatments given the 8 males v^ere at an 
average of 3.22 days apart. 

Analysis^ of Clinical Material. Each of the cases included in the 
series received hyperpyrexia wdth pelidc heating only after he or 
she had been through the gamut of other forms of therapy. All but 
2 came with active gonorrheal lesions and painfully sivollen joints 
m various stages of immobilization. In addition the patients in 
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this series had been invalided in bed from 2 weeks to 3 years. All 
but 2 cases were acutely ill just before treatment with active sys- 
temic reactions including fever at the time of the finst treatment. 
The 2 exceptions who had no evident active gonorrheal foci, how- 
ever, had permanent bony synostosis and other chronic' joint lloent- 
gen ray changes with only moderate pains and little swelling. 

Treatments before Hyperpyrexia. The variety of treatments used 
in the past was reflected in the wide range of therapy to which these 
16 cases had been subjected before getting this combined procedure. 
The variety significantly indicated the inadequacy’ of any of the 
previous procedures in these cases. None had received any per- 
manent relief and two had permanent pathologic changes in their 
joints. The attempts to eradicate focal lesions included the use 
of such gonococcides as silver nitrate, acrifla\'in, protargol, and 
mercurochrome as well as rectal and vaginal diathermy. All 
females had cerAncitis; 6 had urethritis; 3, Skene’s ducts involve- 
ments; 2, adnexal complications. Among the 6 males with active 
foci; all had urethritis and prostatitis; 3 had epididymitis; and 2 
had vesiculitis. 

Previous attempts to create favorable systemic reactions were 
unsuccessful; 14 of the cases had received intravenous chemotherapy 
(mercurochrome and colloidal sulphur), foreign proteins (typhoid 
vaccine, milk and whole blood), as well as various ty’])es of autogen- 
ous and stock gonococcal vaccines (9 cases). . This type of treat- 
ment depended upon protein shock and systemic temperature 
elevation for success.®-^®"-® The temperature and .systemic reac- 
tions to this type of therapy could not be carefiilly gauged and 
controlled and were ineffectual.® 

All local joint therapy also failed to give permanent results in 
these 16 cases. The procedures which had been tried either alone 
or in combination before included the following; tapping, immo- 
bilization, traction, diathermy, baking, massage, wet dressings, 
early mobilization and local use of Roentgen ray. All came for 
the combined treatment with varying degrees of joint pains, swell- 
ing, tenderness and immobilization. 

Average Age— Duration— Past Histories. The age of these 
patients had no influence on the course of their disease nor on the 
tjq)e or number of treatments. Although no patient with gonor- 
rheal arthritis had been refused treatment because of age or any 
degenerative changes, patients with marked arteriosclerosis, aneu- 
ry^sm, or coronary' artery' disease were refused similar treatment for 
other conditions such as lues. The average age of the group was 31 .2 
years. The oldest female was 44 and the youngest 27 years; the 
oldest male was 38 and the y'oungest 23 y'ears. 

The average duration of the gonorrhea in the 14 with active 
foci was 12.8 weeks; the longest duration was 28 weeks and the 
shortest 4 weeks. The average duration of the arthritic manifes- 
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tations in the active group was 10.2 weeks; the longest period of 
arthritis was 25 weeks, the shortest was 3 weeks. The importance 
of early treatment will be discussed later. 

Three of the 8 male cases had definite previous gonorrheal his- 
tories. One case gave a 7-year history of chronic gonorrheal pros- 
tatitis before the acute flare-up that led to his arthritis. There 
was no previous history of gonorrhea in any of the female cases. 

Response to Treatment. The response of the systemic and joint 
manifestations of all the cases to treatment was satisfactory and 
in some cases dramatic. Temperatures subsided, malaise and chills 
and sweats disappeared, red cell sedimentation rates showed return 
toward normal and the patients were able to get out of bed within 
4 to 12 days after the complete course of their treatments. In the 
4 cases which had rashes, 1 of which was proven by biopsy to be a 
gonorrheal paraketosis, the skin lesions disappeared within a week 
after this procedure. The joint sjmiptoms and signs invariably 
subsided with remarkable uniformity. In every instance there was 
a definite change for the better. There was a rapid subsidence of 
pain, diminution of swelling and increased mobility. 

Good functional results were obtained in all but the 2 cases tlmt 
came with evidence of bony fusion as indicated by Roentgen ray. 
Of the other 14, 13 were completely freed of their pain and achieved 
perfect function. The remaining case was that of a female who when 
seen 2 months after her course of 3 treatments still showed about 
50% of limitation of motion in the wrist and fingers. This was 
steadily improving under the local after treatment. 

Need for After Treatment to the Joints. Although combined use 
of hyperpyrexia and pelvic heating can promptly stop the ravages 
of the gonococci in the joints, this procedure cannot be expected to 
restore distorted anatomy with equal rapidity. The 2 cases of 
bony ankylosis required arthroplasty. In the other cases where 
the soft tissues were the seat of inflammatory reactions, the muscles 
and tendons atrophied and bones rarefied by disuse, supplementarj’' 
measures for complete restoration were used. Massage, local 
photothermy, diathermy, local short wave and graduated passive 
and active exercises, especially under hot water, Avere of great value. 
The earlier the patients were treated in the course of their disease, 
the less did they require after treatment. Three patients who came 
vdthin 6 weeks after onset required no after treatment. Occasion- 
ally complete restoration required as much as 6 to 8 months. This 
was especially true of cases who came late in their illness. 

Eradication of Foci. Among the females the gonorrheal ' foci 
were more easily eradicated than among the males. The effective- 
ness of this method of treatment in the female was described.^" 

In the males definite evidence of the effect of this treatment on 
the local gonorrhea was obvious. The discharge decreased in 
amount. The second glass of the two-glass test usually became 
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clear indicating tlic subsidence of the infection in the posterior 
urethra. The anterior urethra did not clear up as quickly because 
its temperature could not be elevated to as high a level. In order to 
eradicate the organisms vhich still remained, the usual anterior 
urethral injections of gonococcidal solutions were employed, such 
as, mercurochrome, acriflavin and the silver salts. 

The course of each case Irefore and after treatment was followed 
by a gynecologist or an urologist especially trained in gonorrhea. 
The smears were studied by two and sometimes three individuals 
with extensive experience in gonorrhea. No case was considered 
free of gonococci until a thorough follow-up for periods ranging 
from 3 to 6 months liad failed to reveal any evidenee of the disease. 
Some of the cases were followed for more than l-J- years so that con- 
clusive proof against recurrence of hidden foci could be obtained. 

Sedimeniaiion Rate and Clinical Progress. In the evaluation of 
clinical progress, the red cell sedimentation rate was the most sat- 
isfactory and practical of all the objective tests. The Weiss modi- 
fication of the Fahraeus technique was used because of its sim^- 
plicity.^^ The drop in sedimentation rate closelj' paralleled clinical 
improvement of the joints. Among the 16 cases in this series the 
return to normal often did not occur until after 6 weeks. This 
delay in return to normal probably was due to the gradual absorp- 
tion of residual debris and the slow healing of the previously inflamed 
tissues. 

Case Reports. To illustrate the clinical course of gonorrheal 
arthritis treated bj' this method, we cite a typical male and a tj'pical 
female case: 

Case 1.— B. S., male, aged 34, single, steamfitter. 

Previozis History. Two previous attacks of gonorrhea, 9 and 4 years 
before. During second attack, had epididjanitis and buboes. Made an 
apparent recovery after 7 months of treatment. 

Course Before Treatment. Date of exposure was January 15, 1934. 
One week later, 26 weeks before treatment, he developed a urethritis which 
soon involved the posterior urethra, prostate and epididymus. A week 
after the onset of the gonorrhea, the joint manifestations began with chills, 
fever and pains in the right knee. He was sent to a hospital where right 
shoulder and left hip also became involved. Each of these joints had 
some degree of pain, swelling, tenderness and immobility. He was com- 
pletely bedridden for 1 month and during this time he received a course 
of gonococcal vaccine and hydrotherapy as well as local treatments for 
the urethra and prostate. He was discharged from this institution as 
“improved.” Because of the persistence of his discharge as well as joint 
symptoms, he went to the out-patient department of another institution 
where his knee was tapped, inlramuscular injections of milk were adminis- 
tered and massage and diathermy to the joints were given. Although he 
was able to attend this clinic once a w'eek for several months, he gradually 
became worse, so that just before coming to us on June 23, 1934, he was 
unable to bend over and tie his shoelaces and unable to get out of bed 
without assistance. 

An examination 2 days before treatment revealed the following: Tem- 
perature, rectally, 100.2° F.; profuse purulent urethral discharge; numerous 
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gonococci in urethral and prostatic smears; prostate large and boggy; 
right epididymus enlarged, painful and tender; the left shoulder moder- 
ately painful with a periarticular swelling and. motion limited to 50%; 
right Imee and ankl e markedly swollen, red, painful and tender; required 
crutches in walking; unable to bend knee more than 15_%. In addition 
to the positive smears, he had a positive complement fixation; both glasses 
of the two-glass test were cloudy ; sedimentation rate of 39 mm. A Roentgen 
ray examination at this time showed osteoporosis of the bones entering 
into the formation of the right shoulder and right knee. 

Treatment. He received 3 treatments. Each time an oral tenaperature 
about 105° F. was maintained for more than 5 hours. Rectal diathermy 
was used for 3? hours. 

Course After Treatment. After the first treatment he could bend over 
and get in and out of bed noth no difficulty, raise his left arm to mthin 
75% of the normal range. Pain and swelling in the joints diminished. 
Sedimentation rate fell to 26 mm. Discharge from urethra became less 
profuse. Two-glass test results were: first glass hazy; second glass entirely 
clear vdth few shreds. Complement fixation remained positive. Received 
local instillations of 0.5% protargol twice a day and diathermy to the 
ankle. 

After the second treatment he had stiffness of the right knee, but it was 
much less than before, pains in the left shoulder, right knee and ankle were 
almost entirely gone; could tie his own shoelaces without difficulty and 
could raise shoulder to within 85% of the normal range. He walked ndth 
a cane. Biis discharge had further decreased, although the smears remained 
positive; sedimentation rate fell to 18 nun. The local instillations and 
diathermy to the ankle were continued. 

Two days after the third treatment there was no stiffness in the ankle 
or knee; no pain in the shoulder which still had a 5% limitation of motion 
on direct extension upward. Although urethral discharge was hardly 
noticeable, his smears remained positive. The pains in the ankles and 
knees as well as the sweUing of all the joints disappeared. Cane was dis- 
carded. The two-glass teat results were; first glass, still slightly hazy; 
the second contained only a few shreds. His epididymitis had disappeared. 
The complement fixation remained positive. Progressive exercises were 
used to overcome a shght residual stiffness of the joints in the morning 
and the 5% limitation of motion of the shoulder joint. This cleared up 
in a few weeks. 

Protargol instillations were continued for about 3 w^eeks after hyper- 
pyrexia. After this the smears became negative, discharges entirely 
disappeared, sedimentation rate came down to 6 mm. and complement 
fixation was reported as negative. Fifteen subsequent smears were all 
negative. Three_ subsequent sedimentation tests were all normal. The 
complement-fixation tests remained negative. 

Eight months after his course of treatment, at a final check-up, there w^as 
ramplete restoration of joint function and no recurrence of any pains. 
Patient was_ seeldng reemployment. Provocative smears after alcohol and 
chenucal irritation remained negative. There was no l^oratory or clinical 
manifestation of gonorrhea. Sedimentation rate was 4 mm. Roentgen 
rays were normal. 

Case 2. — C. L., female, aged 33, married, housewife. 

Previous Ilistonj. Irrelevant. 

Course Before Treatment.^ Developed urinary sjmiptoms with urethral 
and vaginal discharge within a w'eek after exposure, November, 1933. A 
few days later, following a chiU, she developed joint symptoms and became 
bedridden for 5 weeks. The following joints were involved in chrono- 
logic order: right heel, right hand, right shoulder, left shoulder, left hand 
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and left ankle. She %vas bedridden and ho.spitalizcd. Despite 7 in.stra- 
muscular injection.? of milk and the use of gonococcal vaccine, ns well as 
several applications of silver nitrate to the cenix, she continued to get 
vorso. 

She vas then transferred to our institution. At that time she rvas 
acutclj' ill vith a rectal temperature of 103° F. She had profuse urethral 
and cerrical discharges which confined manj' gonococci. Her joint mani- 
festations consisted of: pain, swelling and a 40% immobility of the left 
■'knee; and pain with a 10% immobilitj' of the left shoulder. There was 
complete immobility of the left ankle with marked pain, swelling and 
exquisite tenderness, associated with footdrop. Complement fixation was 
positive and sedimentation rate was 36 mm. Roentgen ray showed no 
bony changes. 

Trcalmcnts. She received 3 tre.atments. In each instance the sj'stcmic 
temperature was maintained above 105° F. by mouth for more than 
4.1 hours. Tlie vaginal temperature was maintained between 109° F. and 
lil.2° F. for more than 3’. hours. Rectal diathermy for IJ hours preceded 
vaginal diathermy. 

Course After Treatment. After first treatment the joint pain and redness 
began to diminish as did urethral discharge. There was a 10% increase 
of motion of the knee and restoration of complete motion of the shoulder. 
The ankle remained immobile. There was little change in sedimentation 
rate. 

Follo'ning second treatment the cerrical smear remained positive. There 
was some residual stifTness, pain and tenderness of the left knee. The 
left ankle was still immobile but the pain and swelling of this joint were 
also almost entirely gone. There was a marked subjective improvement 
after this treatment. For the first time since her stay in the hospital, 
she moved freely in bed without pain and slept well. 

Twenty-four hours after last treatment all signs and sjTnptoms in the 
left shoulder disappeared as did the pain, redness and tenderness of the 
left knee. The motion of the left Imee was mthin 60% of normal. There 
was a barely perceptible swelling about the left ankle and a moderate amount 
of bluish discolorization. Passive motion beyond 20% of normal range 
still gave pain in this joint. Both cervical and urethral smears became 
negative and the sedimentation rate fell to 12 mm. 

Five days after her last treatment she was able to get out of bed for the 
first time. She used crutches for 1 week and then used a cane for support. 
The footdrop persisted for several weelcs as did the periarticular thickening 
about the anlde. Massage, diathermy, radiant heat and light and gradu- 
ated exercises had to be carried out for 3 months before she could discard 
the cane and walk without a limp. At this time she was able to wear high 
heels and carry on her entire schedule of housework without difficulty, 

More than 12 urethral and cerraal smears over a period of 6 months 
remained negative. Complement fixation became negative 7 weeks after 
treatment and remained negative. The sedimentation rate became normal 
8 weefe after treatment and remained normal. A final check-up 9 months 
after treatment revealed no recurrence of joint or genitourinary signs or 
symptoms. 

Summary. A method is described for the treatment of gonorrheal 
arthritis by means of systemic and additional pelvic heating. This 
method in addition to local joint and genitourinary after treatment 
wms successful in causing the eradication of the causative organism 
and the rapid disappearance of pain, where they existed, in all of 
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the 16 cases treated. Restoration of function with complete joint 
mobility occurred in 13 cases, partial restoration in 1 and very little 
increased mobility in 2 — both of which had bony anl^ylosis when they 
presented themselves for treatment. All of these cases had been 
treated without lasting improvement by various methods advised 
at present. Our experience leads us to believe that hyperpyrexia, 
applied with the technique described, is the most effective means 
available for the treatment of gonorrheal arthritis. It should be 
administered as early as possible in order to avoid permanent patho- 
logic changes and deformities. 
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The diagnosis of thyroid disease is still not so easily accomplished 
as is indicated by the reading of standard texts. In many instances 
of indefinite sjnnptomatology, considered to be attributed to dys- 
function of the thyroid gland, determination of the basal metabolic 
rate has been invaluable. Thereare, homever, seA’eral rather marked 
limitations on the use of this procedure in actual practice; the patient 
may be so mentally retarded or emotionally unstable as to be 
incapable of giving the requisite cooperation, or he may be so appre- 
hensive as to consume much larger amounts of oxj'gen than really 
demanded by the tissue with an erroneously liigh reading, or he 
may be a child wlio cannot he satisfactorily inducted into the ritual 
attached to the performance. Not infrequentljq such patients 
are precisely those of Avhom knowledge of the basal metabolic rate 
is needed for an estimation of the thyroid function. Numerous 
tests have been tried to avoid the large subjective element inherent 
in all studies of bascal metabolism but none has succeeded so well as 
has the determination of the blood cholesterol. 

It has long been known that thei'C exists some relationship between 
the level of the cholesterol in the blood and the deviation from normal 
of thyroid function. Hiirxthah found that in exophthalmic goiter, 
recurrent hjq)erthyroidism and adenoma of the thyroid associated 
with hyperfiinction of the gland there is a depression of plasma 
cholesterol, the lowest values being obtained in patients in or near 
a crisis. In adenomata of the thyroid not associated with evidences 
of hyperthyroidism there was a normal blood cholesterol. In 
myxedema and chronic thyroiditis, there was always an elevated 
cholesterol. 

Bronstein- commented on the common dissatisfaction with 
basal metabolic rate determinations in cretins. In a group of 


* Aided by a grant from the Harry Dennery Research Fund. 
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thyroid deficient children whom he studied, there was an elevated 
plasma cholesterol He withlield thjToid extract from known cretins 
and observed that as they became clinically worse,, there was a 
concomitant rise of cholesterol; when he resumed feeding of thyroid 
extract and the children improved, there was an associated decrease 
of the plasma cholesterol. He noted that this- hypercholesterolemia 
was not affected by administration of insulin, thereby differing from 
the hypercholesterolemia of diabetes mellitus. 

Simonds and Helpher^ rendered dogs hyperthyroid by feeding 
large amounts of desiccated thyroid and then studied their tolerance 
to olive oil administered enterally. Whereas their normal controls 
had increased blood lipoids after ingesting these fats, the hyper- 
thyroid dogs had a much smaller increase of the blood fats after 
the fatty meal, while their fasting blood fats were lower than the 
fasting blood fat of the normal control. 

Hurxthah’®'® later demonstrated that cholesterol determina- 
tions were of definite diagnostic value in considering abnormalities 
of the thyroid gland. Usually, the test was of greater usefulness 
when hypothyroidism was being suspected. In this condition, the 
plasma cholesterol tended to deviate from the normal four times 
as much as did the basal metabolic rate, whereas in hyperthyroidism 
the basal metabolic rate and the plasma cholesterol tended to deviate 
from the normal about the same amount. In myxedema, the values 
were always increased and subsequently lowered when thyroid 
extract was administered. In hyperthyroidism, either of the 
exophthalmic type or of the adenomatous type, the values were 
generally lower than normal and tended to return to normal on the, 
administration of LugoFs solution or after subtotal thyroidectomy. 
Gilligan et aU showed that in the myxedema induced by the total 
thyroidectomy for cardiac disease the plasma cholesterol was a 
more delicate and reliable indicator of the state of metabolism than 
was the basal metabolic rate. Other observers have demonstrated 
that there occur clinically states wherein the basal metabolic rate 
may be 20 to 30% below normal and yet the individuals show no 
evidences of mjrxedema or of other manifestations of lessened thy- 
roid function. In such conditions the plasma cholesterol is normal. 
Whenever the plasma cholesterol rises above normal (unless there 
is diabetes mellitus, arteriosclerosis, nephrosis or obstruction of the 
common bile duct), the individual is suffering from decreased thy- 
roid function. 

Prom the above it is evident that study of the cholesterol level 
inay be utilized as a means of determining the presence or the extent 
of abnormality of thjToid function if the cited conditions are borne 
m mind. Wherever applicable, the study of blood cholesterol 
furnished valuable information. 

determinations of blood cholesterol are 
difficult and time consuming, involving detailed and elaborate 
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technique, and requiring a trained technical staff. Riickert® lias 
shown that study of the total lijiids of the blood is very often inform- 
ative where plasma cholesterol determinations are not available. 
The technique is much simpler and shorter, and is lass .subject to 
experimental error. Collins,® following Riickert’s technique, and 
Herrmann,'® with minor modifieations, have shown by comparative 
determinations that the level of the total blood fats as obtained 
by the simple lipocrit method parallels that of the cholesterol. 

In a series of 35 clinic and house patients (Medical Service, Touro 
InfirmaiU')' ‘"'C have attempted a follow-up study of total blood fat 
levels and have interpreted them in the light of clinical symptoms, 
and other laboratory diagnostic determinations ineluding basal 
metabolism. The specimens for total lipoids were taken at 14-hour 
fasting levels. 'Whenever possible, basal metabolic rates were done 
at about the same date that the lipoid studies were carried out. 
The technique of the lipocrit method employed is essentially that 
of Riickert as described in his original article. We have regarded 
values of 500 to 700 mg. per 100 cc. of blood as normal, but have 
not accepted any value as definitely depressed unless below 400. 
In the following table we have summarized our findings. 





T.Mii.n 

1. Tot.m 

, Lipoids in So C.vsr.s 

CaJ'o No. 

A?f. 


Total 


Patient. 

Sex. 

D.itc. 

B. .M. n. 

fat. 

llcmark.'. 

]. 

II. B. 

41 

Il/2f/.11 

+ 17% 

csr 

C’liniea! cvidencu hvprrllivroidism inoIiidiuK a 



F. 

12,' 7/31 

+441o 

•iifi 

palpa\)k' lihud, famiiiul t'-'nileney, He^ponded to 




4/ 1/33 

— 

502 

LutioPs polution civen after second blood fat 




4/1.3/33 

— 

.311 

(l'’tcrmination. Cooperation for B. M. R. very 




5/15/35 

— 

510 

poor. 

2. 

H. I!. 

. . 22 

12/21/31 

-C% 

.312 

Colloid Roitor. Both B. M. K. and Wood fats 



F. 


within normal limit‘d. 

3. 

F . B. 

. . r>2 

11/ .3/31 

+31% , 


Va'iomntor in-stabillty. Anxictv state. Illu'^tratcs 



M. 

11/19/34 

+21% 

72S 

fallacy of reiving on tlic B. M. H. doternduation 




11/23/.34 

-12% 


in unstable patient. 




1/2S/3.3 

— 0% 

C5G 




3/1 S/33 


801 





4/12/35 

- 

812 


•t. 

Z. D. . 

2S 

4/ 9/34 

+30% 


Toxic adenoma. Lucol's solution bcRinniiig 4/15/34 



F. 

5/ 4/34 

+ 14% 


for 0 \vks. Subtotal thjToidcctomy C/13/34. 




0/ 0/31 

+S% 


Po.stopcratlve blood fat determinations confirm 




SI 1/34 

— 15% 


clinical impression of normal thjToid function. 




12/21/34 

0 

038 




1/30/33 

0 

530 





3/29/35 

— 

576 





5/20/33 

— 

.300 


0. 

B. L. . 

. . 18 

11/14/34 

-0% 

472 

Loirain Levi type of dyspituitari‘5m. Positive re- 



F. 

3/22/3.3 


336 

sponge to antuitrin in terras of skeletal growth 
and development of sc.t function. Persistent ob- 
scure low grade fever may account for the sub- 








normal blood fats. 

U. 

S. M. 

. . 17 

11/10/34 

-15% 

471 

Problem of l>oth tuberculosis and thjTotoxicosis. 



M. 

3/25/35 


400 

Patient symptomlnss. Blood fat not sufficiently 
depressed for tloTotoxico.sis. 

7. 

L. D. . 

. . 44 

9/21/34 

+28% 


Menopa\LsaI syndrome. Pott's disease (? acti\dty). 



F. 

12/20/34 


5CS 

Variable B. M. R. and consistent blood fats in 




2/ 8/35 

-22% 


absence of definite th^Toid disease; also illus- 




5/ 3/35 

+20% 

520 

tratos difficulty in determining B. M. R. when 
body surface cannot be calculated because of 







k>'phosis. 
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Table 1. Total Lipoibs it 35 Cases — Continued. 


Case No. 
Patient. 

S. G. W. . 


Date. 

B. M. H. 

Total 

fat. 

10/10/34 

+30% 


11/ 9/34 

+li% 

630 

2/ 1/35 

4-19% 


2/11/35 

— 

832 

5/15/35 

— 

432 

2/14/35 

+8% 

632 

4/10/35 

— 

520 


U. F. C. 



jv. L.T. 


17. C. P. 


19. V.M. 


20. L.B. 


40 

F. 

4/ b'.'Ja 
4/HI/35 
4/26/35 


342 

392 

440 

. 24 

2/ 1/35 

+ 13% 


F. 

3/ S/35 


406 


3/22/35 

— 

370 


5/13/35 

— 

592 

. 25 

2/21/35 

. 

432 

F. 

3/ 4/35 

4-3% 



5/ 0/35 


424 

. 57 

2/25/35 

__ 

1,240 

F. 

3/11/35 

~2C% 



3/20/35 

— 

1,060 


4/17/35 

— 

560 


4/21/35 

— 



Remarks. 

Secondary lesions in 1921, followed by inadequate 
treatment. Hystereotoiny, Sept., 1933. Lunol’s 
sol. 10 min. t.i.d. from Oct. to Feb. Fall in 
B. M. R. with rise in blood fats during adminis- 
tration of iodin (diseontinued 2/11)35). 


10. E. C. . 

. 62 

9/15/33 

4-72% 



F. 

9/25/33 

4-62% 




12/13/33 

-3% 




4/ 2/34 

4-8% 




1/ 7/35 


552 

11. 0. L. 

. 38 

1/ 2/34 

0 



F. 

3/ 4/34 

4-27% 




1/28/35 

-18% 

872 



4/ 8/35 

i . 

728 

12. V. E. , . 

15 

1/30/35 

4-14% 



F 

2/ 4/35 

— 

344 



5/13/35 


344 

13. M.S . . 

. 42 

12/20/33 

4-21% 

•4-27% 



F. 

3/ 9/34 




1/30/35 

4-2% 

672 



4/ 5/35 

— 

640 


thyroidism as evidenced by two normal blood 
fats. 

Thyrotoxicosis with auricular fibrillation, Sept., 
1933. ThyToidectomy, 10/16/33. All symptoms 
subsided postoperatively. -Marked gain in 
weight, 132 to 191 pounds. 


Hypertension with vasomotor disturbance, psycho- 
neurosis. The recent B. M. R. and fat determina- 
tions show thjToid hypofunction; the symptoms 
suggested thyroid hypcrfunction. 

Loss of weight, repeated colds, low grade fever, 
nervousness. Tuberculosis or hyperthjToidism? 
Low blood fat is probably result of sinus infec- 
tion although hyperthyroidism is possible. 


Normal blood fat in a menopausal syndrome. Bi- 
lateral salpingo-oophorectomy, 6/20/33, then 
pronounced menopausal symptoms. Developed 
mild hypertension with no changes in visual 
fields or eye grounds. Sella turcica enlarged. In- 
creased dcxtro.se tolerance. Impression: post- 
'castration pituitary dysfunction, menop.ausal 
syndrome. 


Lorrain Levi ty;pc of hypopituitarism. Grew 1 i in. 
with antuitrin therapy. Very' little subsequent 
growth with antuitrin or thyroid extract. Nor- 
mal blood fat level. 


Unstable colon, malnutrition, depressed thyroid 
function. Marked improvement with diet, bella- 
donna and thyroid e.xtract. 


Nervousness, cough, afternoon fever, fine tremor, 
palpable thyroid. Tuberculin xx. Roentgen ray 
of chest repeatedly negative. Lugol’s solution, 
drops 10, t.i.d. from 3/12^35 to 4/1/35. Early 
tuberculosis, hyperthyroidism or psychoneurosis? 
The low fat showing no rise following iodin is not 
caused by thyrotoxicosis, may be due to tonsillar 
infection. 

Loss of weight, increased appetite, nervousness. 
Exophthalmos, hypertension. Lugol's solution, 
drops 10, t.i.d. .started 4/4/35, with a slight 
response. 

Marked postpartum gain in weight in woman who 
had periodic^ premenstrual diarrhea of 4 mos.’ 
duration. Uterine inertia during lalwr. The 
single B. M. R. determination is confirmed by 
the 2 normal blood fat determinations. 

Dizziness, tachycardia, loss of weight, palpable 
thywoid. Lugol’s solution begun 3/7/35, with 
negative reaction. 

Suggestive thyToto.xiecsis in 1907. No laboratory- 
studies available. Diagnosed hypothyroid in 
1922; improved with tiiyToid feeding. Discon- 
tinued in 1924. Symptoms of weakntss, fatig- 
ability and substcmal pain. B.P. 1S7/110. Ekg. 
shows coronary sclerosis. Thyroid medication, 
,3/20/35. CaiL'ed marked blood fat response. 
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Tabu; 1. Totab Lipoids xs 35 Casks — Conliuucd. 


Ca-'c No. 
J’atirnt. 


21. .\.D. 


22. E.G. 


23. lt.\. 


25. J. F.. 


2j. C. U. 


20. It. 


27. M.F. 


23. S. K. 


30. K. K. 


31. V.B. 


32. H.B. 


7/20/31 +7<:^ 

7/21/31 -S'-f 

11/5/31 -2'-; 

11/21/31 

12/ 2/.35 -2>c 

3/13/3,'. 

•l/2,',/3.-. 


2/1/33 437'/ 

2/ '.l/.3.i 421' o 

2/l'»/.33 O'-; 

2/1P/3.3 437'./ 


3i 1.3/35 

3/oU/3.i 
-1/ 3/3g 

-2.3' h 
-7'.e 

oGS 

11/12/31 
12/ 7/35 

3/ 9/3.3 

3/ 3/33 
3/1 '3/35 

420% 
—7' i 
42' 7 

lO 

2/22/33 

-Il'e 

.vx 

3/ 5/, 35 

41.3'/ 

0,50 

3/27/35 

425'-/ 

592 


59 

K. 

1 rio/35 

5/ C,'35 

410''l 

CIO 

532 

15 

9/ 7/34 

-o'-i 


F. 

11/ 3;34 

0 



5/ 1/35 


512 

45 

9/29/35 

42,3'i 


F. 

H/26/35 


55S 


1/22/34 

49'T 

032 


5/15/35 


552 

. 43 

2/11/35 

-12';'„ 

592 

r. 

3/20/35 

-I9'c 

712 


3/29/35 

—7% 

050 


. ^1x3 

5,' 8/35 
5/13/35 
5/22/35 

439^c 

433'~c 

416Cc, 

532 

525 

505 

24 

11/ 9/34 

-fsro 


F, 

12/15/35 

-2i% 

505 


3/27/35 

— 

595 


5/15/35 

— 

SCO 

. 35 

4/17/35 

47% 

5S0 

M. 

5/ 1/35 

417% 

472 


5/ 0/^5 

+10/0 

532 


tc 

CO 

~ 

560 


Ithcumatic Iirart di'-taio with ronscftivc failure. 
Total atilatioii of thyroid, 7/2/31, JVIopeTative 
inyardema wai a^.'ociatcd with definite incrca'c 
of blood fafis .alove normal at a time when 
11, .M, It. was- only tlishtly depreffcd. 


HyKrttn^ive hiart direa'c. Healed Bolt's di.Ha,«e. 
liyiM’rthjToidi.'mwithpalpitationJo'SofnriBl.t, 
Unnor. ."ubjcetieely iinjirovcd followini; iK-d 
nr-t, U-)Tun 2/2/33. iodin and ..-cdalion. Blood fat 
level at low normal on 2 occadoii.-;, i, e„ i,-! not 
always definitely lowered in mild liyperthyToid- 
i.-m. 


Nen-ottsn.r'.'., palpitation, tremor, nodular poitcr. 
Diaancei-s non-tovic adenoma. .Show? 2 normal 
blrwd fats in fl.ile of Eome variation in the 
B.M, it. 

H\-perthsToidi‘m with a diffusely enlarred pland. 
Luaol's Ix-pun 11/15/35 and stopped 12/5/l!5. 
.Apjiarent rt>'poit-e to iodin a» indeed by B. .31 . IL 
Briwent clinical picture of non-toxic goiter is 
confirmed by normal fat. 


I’regnaiit 3 mu,-, when first .'een. 2/12/35. Tachy- 
cardia. dysi.nra. Ba1t>ab!c thjToid. Biiysieal 
sign., and history suggest rheunmlic heart di»- 
e.ase. Tcyt.s with Lugol's during which time the 
B.M. It. rose from 13 to 27fL und the l.lood fats 
remained practically stationary illustrate fallacy 
of relying entirely on ridng B. .M. K. in preg- 
naney. Blood fat dete.-mination a.'sisted materi- 
ally in differentiating between hyperthyroidism 
and rheumatic cardiac disca.'e. 


Menoj.ausal syndrome with qutstionable hyper- 
ihjToid function. Negative response to iouin in 
that blood fat fell during the administration of 
Lugol's solution. 


Colloid goiter. No abnormal findings except 
enlarged thjToid. which first appeared with 
beginning menstruation. 

Menopausal syndrome. 


•Subtotal tbjToidectomy in 1927. In 1929 recur- . 
rcnce of tj-pical hypcrthjToid symptom complex. 
Second thyToidcctomy. Postoperatix-e hypo- 
parath.xToidism iviih symptoms of tetany and 
eon\-ukions xrith intermittent treatment from 
1929-1935. Marked improvement under calcium 
and parathormone. 3/1.5/35 ankle edema, Ekg. 
cxidenec of mj-xedema heart. Tliyroid, gr. j, 
b. i. d. 


Nervousne^, tremor, increased appetite, intoler- 
ance to : f ' ■' .'tnrm'e.'.l 


aace to ■. . '. : ■ : 
menopai \ 
min. 20. : : u 
response : r i.-... 
tlijToid. 


Surgical 
' ■ solution, 
.2' Positive 
> : hyperactive 


Nervousness, loss of weight, diarrhea (ox-er period 
of 11 yrs.). Treated for “goiter” with iodin at 
intcrx-als. The 2 norma! hlood fats following 
iodin xrould indicate normal thxToid function. 


Nervousness, loss of weight, tachycardia, fatig- 
ability. ThjToid diffusely enlarged, soft. Lugol's 
solution, min. 10, t. i. d. from 5/o/35 to 5/1C/35. 
Ex-cn though tin's is a suggestix-e response to 
iodin, the relatively sfight rise was considered 
insignificant. Diagnosis, anxiety neurosis. 
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Table 1. Total Lipoids in 35 Cases — Coniinued: 


Case No. 
Patient.- 

Age. 

Sex. 

Date. 

B. M. R. 

Total 

fat. 

Remarks. 

33. M. A. . . 

. 67 

5/ 6/35 

5/ 8/35 

-10% 

-2% 

592 

640 

Drowsiness, fatigability, dry skin, coarse hair, 
spade hand. Diagnosis, normal thyroid function 
in spite of clinical picture because of the normal 
blood fat and B. M. R. determination. 

34. P.T. . . 

. 34 

P. 

5/31/35 

+23% 

512 

Nodular goiter since puberty with enlarged gland 
during first pregnancy 3| yrs. ago. Patient is 
now 5 mos. pregnant and presents symptoms 
• suggesting toxicity for first time. 

35. L. G. . 

. . 34 

F. 

5/2D/35 

+30% 

768 

Diabetes for 7 yrs. Moderate fullness of thyroid 
noted 4 yrs, ago. Diagnosis of toxic adenoma 
made 2 yrs. ago, B. M. R. then +37%. During 
past 6 mos. diabetic status has become most 
unstable with recurrence of sjTnptoms of hyper- 
thjToidism and mild acidosis. The blood lipoid 
level cannot^ be evaluated until the acidosis 
factor is eliminated. 


Summary. We do not suggest that determinations of the total 
lipoids should supplant any method used at the present for the study 
of metabolic disorders; rather it is offered as a. valuable addition. 
We feel that it will afford as much information as will determina- 
tions of plasma cholesterol in that it is consistently elevated above 
the normal 700 mg. per 100 cc. in hypofunction of thyroid and 
generally below 400 mg. in hyperthyroidism. In mild cases of hyper- 
function it is apt to be between 400 and 500 mg., at which level the 
diagnostic import is questionable. It is not materially affected by 
any other endocrine gland disorders, except diabetes, as long as the 
thyroid is not demonstrably involved. 

It is exceptionally of value in those patients for whom the deter- 
mination of the basal metabolic rate is not feasible. 

The depression of the basal metabolic rate following administra- 
tion of iodin, such as Means^^ has shown to be a routine diagnostic 
test^ for hjqierthyroidism, is paralleled by the increase of total 
lipoids. Conversely, its failure in response to iodin is regarded as of 
significant negative value. 

wish to express our appreciation to Dr. I. I. Lemann, Professor of Clinical 
Medicine, for his advice and cooperation and the permission to use his patients for 
this study; to Dr. A. B. Pitkin for his cooperation in the metabolic determinations, 
and to Miss Baumgartner of the Touro Infirmary Social Sendee Department in the 
follo-w-up studies. 
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THE EFFECT OF THERAPY ON NERVE DEGENERATION IN 
PERNICIOUS AlffiMIA. 

Bv Edivard ,S. Mills, jM.Sc., IiI.D., 

DKMONSTllATOn, OF MCGII-U UXIVEUSITY, 

MOXTRKAI.; CANA1>A. 

(From i)io Mcdicnl Services of tljo Monlronl CJoncral Hosintn).) 


The eminently satisfactory results ivhich attend the treatment 
of the anemia of pernicious anemia by adequate therapy, ivlicthcr 
liver, its extracts, or their equivalent are universally accepted, 
hlore controversial, however, is the effect of such treatment upon 
the subacute combined degeneration ivhich sooner or later makes 
its appearance in this disease. The present communication deals 
only with the effect of therapy upon this central nervous system 
degeneration as observed in 45 patients under treatment in this 
hospital for 7 ^-^ears. It was prompted by the recent simultaneous 
appearance of two papers^'- dealing with this problem from different 
clinics in the United States in which considerable difference of opinion 
was expressed. 

Material for Study, During the 7-year period from 1928 to 1935, 94 
cases of pernicious anemia were treated at this hospital. All of these cases 
wore thoroughly investigated clinically and in the laboratory. All showed 
an initial cliaracteristic response to liver or its equivalent as measured by 
reticulocyte curves and ivecldy erj’-throcyte and hemoglobin estimations. 
However, of this number, only 45 are available for the purposes of this 
study because the remainder were observed by us only during what might 
be termed the hematopoietic recovery period. Follomng restoration of the 
blood values they were referred to their family physicians or otherwise 
disappeared. 

The Nature of the Nervous Lesions in Pernioious Anemia. TJiere 
appears to be as little unanimity of opinion in regard to the nature 
of the nervous lesions in pernicious anemia as there is of the effect 
of therapy upon them. It is now generally conceded that practically 
all cases of the disease show signs of subacute combined degenera- 
tion of the cord. If untreated, this degeneration ultimately pro- 
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gresses to a true sclerosis which from its very nature precludes 
successful therapy. Hope of success then lies m arresting the process 
of degeneration before the -sclerotic stage is reached. The disease 
may also cause degeneration in the cerebral cortex, the basal ganglia, 
or the extradural spinal ganglia. The cause of the^ degeneration is 
closely linked up with the cause of pernicious anemia because other 
anemias, severe in degree, hemolytic in nature, and of long duration, 
do not develop subacute combined degeneration. The belief recently 
expressed by a prominent neurologist that some lecithin destroying 
noxa is responsible for both anemia and nerve degeneration is no 
longer tenable as pernicious anemia is not now regarded as primarily 
a hemolytic process. Furthermore, other undoubted hemolytic 
anemias are exempt from nerve lesions. Histologic studies have 
revealed perivascular round celled infiltration preceding and accom- 
panying degeneration in affected sensory and lateral tracts, but such 
a cellular reaction is found in many diseases of the brain and cord 
and is in no way specific. It is to be hoped that the recent experi- 
mental production of a deficiency disease in hogs, which simulates 
very closely both the blood and nervous system lesions in pernieious 
anemia, may cast some light upon this fundamental problem.® In 
this series of 95 cases there were 6 deaths but only 2 cases died in the 
hospital and in only 1 was permission to study the brain and spinal 
cord granted. 

Case Report. Case 1. — This patient, a male, aged 58, had a para- 
plegia of at least 3 years’ duration with progressive cerebral deterioration. 
He had received little or no specific therapy during this time and died in a 
state of grave anemia. At postmortem the organs showed the usual changes 
found in the disease; anemia of all organs, fatty degeneration of the myo- 
cardium and an intensely hyperplastic bone marrow. Sections of the cord 
and spinal ganglia stained by the Weigert-Pal method showed almost entire 
demyelinization of the posterior columns in the cervical region, decreasing 
in degree toward the lumbar segments. The cell bodies in the spinal ganglia 
and the posterior horn cells were well preserved. The brain showed no 
lesions. _ In spite of exaggerated reflexes and spasticity of the extremities 
suggesting extensive lateral as well as sensory tract involvement little or no 
evidence of degeneration was present in the motor tracts. The accompany- 
ing microphotograph is from a section of the cervical cord stained by the 
Weigert-Pal method. It shows extensive demyelinization of the columns 
of Goll and Burdach with other tracts relatively intact. 

In this series of cases only one failed to show evidence of subacute 
combined degeneration of the cord at the time of the first visit, de- 
spite the fact that dysesthesia wms not accepted as indicative of 
nerve degeneration. The frequency -with which numbness, tingling 
or pins and needles sensations are met with in severe anemias of 
w-hatever etiology or in vascular diseases unassociated with anemia 
renders these subjective symptoms of little diagnostie value. They 
were present at some period in practically every case in this series. 
The following table gives the incidence of certain, signs referable 
to nerve degeneration in the 45 cases. 
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Tabli: 1. — Signs Indicating Neiive Di:oi;Ni;nATiON on Admission. 


1. Number of cases 

2. Diminution in two-point discrimination or vibration sense 

3. Diminislicd t\vo-point discrimination ....... 

4. Diminislicd libratory seiiso alone 

5. Normal tendon reflc.xc.s 

0. Absent tendon rofle.vcs 

7. ExagRcratcd tendon reflexes 

8. Babinski pbenomonon 

9. Involvement of bladder or rectum 

10. Cerebral degeneration {SdaSlin '. ’. '. '. '. '. '. 


45 

44 

3S 

42 

28 

9 

S 

9 

3 

3 

1 


The evidence of subacute combined spinal degeneration in this 
series is based mainly upon alterations in two-point discrimination 
and vibratory sense. Other sensory changes, though sometimes 
recorded, were too infrequently described and too uncertain to be 
gauged with any degree of accuracy. It is worth noting that less 
than half the cases showed alterations in the tendon reflexes or 
other signs of cord involvement. Only 8 cases had exaggerated 
reflexes and incoordination, indicating lateral tract involvement. 
However, it should be recognized that the true incidence of degenera- 
tion in the lateral tracts is much higher than these figures indicate 
for the following reason. The sensory degeneration, present in 
practically all cases, leads to ultimate loss of tendon jerks if it is not 
arrested by therapy. Lateral tract degeneration as a rule tends to 
produce the opposite effect, namely, increased muscle tone with 
exaggerated reflexes. It seems evident, therefore, that the signs 
of coexisting lesions in posterior and lateral spinal tracts Avould 
tend to offset each other insofar as the tendon reflexes’are concerned. 
This may account for the high incidence of normal tendon reflexes 
in cases which obviously shoAV profound Junctional impairment as 
indicated by their gait and incoordination of movement. In this 
series 4 cases Avho came under observation because of the subacute 
combined degeneration showed little or no anemia at any time: 
Blood smears nevertheless shoAved a definite macrocytosis in all 4. 
A definite psychosis occurred in 3 cases. In 1 there Avas definite 
hypomania with disorientation and bilateral papilledema so marked 
as to raise the question of an intracranial neoplasm.'* Another case 
presented similar findings AA'ithout papilledema. In both of these 
cases the cerebral signs and sjnnptoms appeared during the period 
of anemia and disappeared promptly Avith restoration of the normal 
erythrocyte count. In the third case, melancholia appeared during 
a period when the blood values were AA-ell within normal limits. 

The Effect of Therapy Upon the Central Nervous System Degenera- 
tion. Table 2 gives in abstract the more important changes AAdiich 
occurred in certain signs referable to degeneration in the central 
nervous system over periods of treatment varying from 1 to 8 years. 
It also shows the average blood values during the same periods, the 



Fig. 1. — Cross section of cervical cord (Weigert-Pal) shoiving extensive degeneration 
in posterior columns but none in the lateral tracts. 
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diameter of the modal erythrocyte, and a rough estimate of the 
degree of the disability of the patient. 

The duration of treatment was as follows: 


One year 9 • Kve years IQ 

Two years 9 Six years ' 1 

Three years . . ' . . .6 Seven years ; . . . . 3 

Eour years 4 . Over seven years ... 5 


In order to evaluate fairly the remote results of therapy, the 
initial period of hematopojetic recovery lasting from 6 to 8 weeks 
was omitted, though subsequent' periods of anemia, if any, were 
included. For comparison the cases were divided into two groups. 
The cases who received continuous and adequate therapy are com- 
pared with the remainder who through apathy, financial or other 
reasons failed to receive more than sporadic periods, of treatment. 
Before comparing these two groups, however, it is necessary to 
define the term adequate therapy. It seems generally recognized 
that no definition should be based upon actual quantities of liver 
or its equivalent, for cases. vary tremendously in the degree of 
response to a given amount of treatment. Some are relatively 
resistant and require large doses while others do well on much smaller 
am'ounts, just as one case appears to be a relatively mild one with 
long natural remissions while another is severe with frequent and 
marked exacerbations. Furthermore, what is considered as adequate 
therapy in one clinic fails to measure up to the standards set by 
another. For instance, a recent author^ expressed the belief that 
cord degeneration progresses regardless of treatment and that 
treatment in excess of that amount necessary to maintain an 
erythrocyte level of 4 millions is 'Svasted.” At another clinic,^ 
improvement was noted in the subacute combined degeneration 
in a modest proportion of cases if the blood count was maintained 
at or . above the 4.5 million level. Such conclusions suggest that 
better results may be obtained by keeping the blood count as near 
normal as possible. It has been the custom in our Hematologic 
Clinic to carry therapy somewhat further. Three fundamental 
rules for adequate therapy have been followed: 1, The erythrocyte 
count must be normal at all times ; 2, the modal erythrocyte diameter 
must be at or below the normal value; macrocytosis is considered 
“ipso facto” an indication of failure of treatment;' 3, therapy is at 
once increased if at any time the patients complain of any deviation 
in their state of well-being and particularly if there appear any 
symptoms referable to the nervous system as dysesthesia, etc. This 
increase is often made in spite of normal blood values. These periods 
are usually infrequent and may be regarded as an indication of 
a possible exacerbation of the disease. 

Adequate tlierapy then strives to achieve two results : (a) to prevent 
numerical and particularly morphologic blood changes and (5) to 
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prevent the progress of spinal cord degeneration during tliose periods 
of exacerbation in symptoms wlien sudden and swift disintegration 
of nerve tissues is likely to take place. 

In the first or adequately treated group there are 28 cases and 
in the second 17 cases. The following table gives a condensed 
resume of the results in each group. 


Taiii,e :L — Conn Sir.xs in' Adequately and Inadequately Treated Cases. 

Xiimbcr. rorccnlnRC. 


A. Aflcqnairly treated canes 2S 

Cord siRDS improved LS 40.4 

UDiiltcrod 11 .19.3 

jiroRrcsscd 4 14.. 3 

Cases showing functionnl disability ... 3 10.7 

B. Inadequately treated cases 17 

Cord signs improved 3 17.0 

unaltered 0 

progressed 14 S2.4 

Cases showing functional disability S2.4 

total .... 3 

partial .... 5 

none 3 

Cases dead 0 


It may be argued that such a division of cases would tend to place 
severe cases or those naturally most resistant to therapy in the 
second group, favoring the first. Theoretically such an argument is 
perfectly sound. Practically, however, it has been our experience 
that no case of uncomplicated pernicious anemia resists adequate 
therapy insofar as the blood picture is concerned. If such appeared 
to be the case the diagnosis was invariably found to be incorrect. 
Furthermore, not one of the inadequately treated cases received 
regular therapy. Failure to report for treatment usually resulted 
from apathy or financial embarrassment. 

The condensed figures indicate that approximately 47% of the 
cases in the adequately treated group showed improvement in the 
subacute combined degeneration and an additional 40% showed 
no tendency to progress. On the other hand, in the group inade- 
quately treated only 17% showed improvement, while 82% showed 
progressive degeneration. Perhaps more graphic, are the percentages 
of the disabled. In Group A onij’' 3 of 28 cases showed functional 
disability judged by their inability to perform their daily work in 
an efficient manner ; while in Group B, 6 are dead, 3 totally disabled, 
5 partially disabled and only 3 admit to feeling physically fit. The 
progress in 1 or 2 individual cases may illustrate the slow but 
definite improvement which may take place. 

Case 24 (aged 50). — Onset of disease in 1924 with severe anemia and 
incoordination in leg movements. Treated for tabes in 1930 by general 
practitioner because of absent tendon reflexes, Babinsld phenomena,, and 
Rhombergism. In Ma 3 '-, 1930, discharged from hospital by wheel chair 
on diet of raw liver pulp. In July, 1930, reported on crutches, unable to 



mills; nerve degeneration in pernicious anemia 79 

walk; blood count almost normal; in October bad discarded crutches and 
was walking with aid of cane and ankle supports; in January, 1931, he dis- 
carded cane. By July, 1931, he was able to play a few holes of golf. In 
September, 1932, walked to and from office daily, could dance and play 
18 holes of golf. When seen last in November, 1934, he was able to ski, dance 
and carry on his business as an engineer. It is of interest that the knee 
jerks returned though the Babinski phenomenon persisted. 

Case 7 (aged 56).— Onset of disease in 1933 with severe anemia, absent 
reflexes and ^lateral Babinski phenomena. Patient unable to walk. After 
a year’s treatment he began to walk with a cane. Seen in 1935 he walked 
quite smartly and had normal reflexes. The Babinski had disappeared. 

Discussion of Results. A comparison of results in the adequately 
and inadequately treated groups leaves no doubt as to the efficacy 
of treatment in controlling Subacute combined degeneration if 
therapy is pushed to the point where the patient is symptomatically 
well and his blood is morphologically normal. Such an undertakmg 
rarely puts excessive demands upon the patient or the phj'^sician. 
Five cubic centimeters of a potent liver extract per week given 
intramuscularly will suffice for many cases. This can be obtained 
in Canada at a cost of 25 cents. The penalty exacted by the disease 
for carelessness in treatment is severe, and often without retrieve. 
Of the 17 inadequately treated patients 82% were functionally dis- 
abled and one-third of them dead, as compared with no deaths and 
10.7% partially disabled in the adequately treated group. The 
improvement in individual cases is even more striking than the 
combined results as exemplified by the 2 abstracted cases. Such 
improvement cannot be hoped for in all cases, particularly if com- 
plicating factors, such as cardiovascular disease or senility be 
present. 

The improvement, which may occur in cases of subacute com- 
bined degeneration of long duration— after 6 years, as in Case 24— is 
hard to explain satisfactorily, but the fact remains that it does occur 
not once or twice but in a considerable proportion of all cases. Not 
only are the patients subjectively improved and able to perform 
their daily duties more efficiently, but objectively the concomitant 
pathologic signs improve or even disappear. Thus in 6 cases the 
knee Ideks returned after having been absent for months or years, 
and in 4 cases plantar flexion replaced a Babinski elicited on many 
occasions by different observers. Such improvement is unexpected, 
and can be explained only on the basis of degeneration of nerve 
tissue without actual destruction. That such degeneration may 
persist for long periods and yet eventually respond to therapy is, to 
say the least, surprising; but the fact remains it does occur. The 
physician should set no limits to the improvement which may occur 
in the disease if its victim possesses courage and a determination to 
get well. 

Conclusions. 1. Spinal cord degeneration is present in practical! v 
all cases of pernicious anemia. 
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2. Therapy is adequate only Avlien the blood is restored to normal 
morphologically as well as numerically. Macrocytosis is an indica- 
tion of failure of treatment. 

3. Spinal cord degeneration rarely tends to progress if treated 
adequately. Striking clinical improvement may occur. 

The author’s thanks are due Prof. C. P. Uoward and Prof. A. 11. Gordon for j) 0 r- 
mission to use material from their series, and to Miss Helen Macoun and Miss 
Eleanor MacKinnon for technical and other assistance. 
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THE HEART IN MYXEDEMA: CORRELATION OF PHYSICAL AND 
POSTMORTEM FINDINGS. 

By Willi.ui H. Higgins, M.D., 

PROFESSOR or CLINIC.VL MEDICIKE, MEDICAL COLLEGE OF VIRGINIA, 
RICHMOND, VA. 

(From the Medical Department, St. Elizabeth’s Hospital.) 

A REVIEW of the literature on the heart in myxedema reveals 
considerable confusion concerning the true nature of the cardiac 
lesions. Some feel that they are part of the hypoth 3 Toid state, 
while others believe the}’ are purely incidental. Unfortunately the 
lack of adequate autopsies has prevented a detailed study of the 
underlying factors, as practically all of the observations have been 
based solely on clinical examinations.* 

The first and probably the most complete pathologic description 
of the heart in m}’xedema appears in a review of 20 cases by the 
Clinical Society of London^ (1888). The left ventricle was hyper- 
trophied in one-third and in more than half there was an atheroma 
of the arteries. A fibrous myocarditis was found in 3 of the 9 cases 
examined microscopically. Some doubt may be thrown on the 
proper selection of their material owing to a lack of knowledge of 
glandular disturbances at that period. 

At the Massachusetts General Hospital only 5 autopsy records 
of the heart in rajocedema are available. Four of these showed 
interstitial edema with more or less fibrosis of the heart muscles, 

* Gordon’s case recently reported, at the 1935 meeting of the Association of Ameri- 
can Physicians, in -which the increased cardiac shadoivs and dullness -was found to be 
due to pericardial effusion, illustrates the need for deciding the question of cardiac 
hypertrophy' in myxedema on the basis of pathologic anatomy. — Editor. 
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and 1 showed fibrosis only. Ohler and Abramsotf ^ report that only 
one partial postmortem examination (unfortunately without micro- 
scopic studies) is available at Thyroid Clinic of the Boston City 
Hospital. The heart weighed 335 gm. and there was edema of the 
epicardial fat and a translucent light-red heart muscle. The aortic 
arch showed irregular bands of small yellow projections running 
longitudinally with a few small gray-white opaque scars. No 
thyroid therapy had been instituted. 

In a case reported by Fishberg^ the myocardium exhibited small 
scars and there were atheromatous changes in the large bloodvessels 
as well as in the coronary arteries. Schultz"* found marked alterna- 
tions in the nuclei and a granular degeneration of the heart fibers. 
He also noted the presence of edema between the fibers. 

Scholz,® on the other hand, considered the pathologic changes in 
the heart in myxedema as merely coincidental. 

Experimentally, removal of the thyroid gland in animals causes 
gross alterations in the cardiovascular system. Goldberg® showed 
that sheep and goats made cretinoid by removal of the glands 
developed cardiac dilatation and a flabby myocardium. In 7 of his 
18 sheep excessive pericardial fluid was found. Others working 
on thyroidectomized animals noted in some instances degeneration 
of the individual muscle fibers of the myocardium and edema of the 
interfibrillar tissues, and in others evidence of pathologic changes 
in the pericardial sac. On the contrary Kiski*® and Brooks and 
Larkin*® concluded from their postmortem studies on, animals that 
the cardiac signs and symptoms produced as a result of h;>q>othy- 
roidism were not due to alterations in the heart muscle. 

The first intensive clinical study of the heart in mjxedema was 
made by Zondek** in 1918. He found diffuse cardiac enlargement, 
occasionally limited to the left side and by fluoroscopy he noted 
sluggish muscular contractions of the enlarged heart which returned 
to normal after thyroid therapy, hlany other authors nota- 
bly Meissner,*® Zins and Rosier,^® Eppinger,®® Holzman,®^ Ziskin,®® 
Ayman,2® DaHs®° and Fahr*^ have reported cardiac enlargement as 
a feature in myxedema. In Fahr’s publication he cited in detail a 
case with a shrinkage of 6.3 cm. in the transverse diameter over a 
period of 7 weeks’ treatment with thyroid extract. Previous admin- 
istration of digitalis was unavailing but under glandular therapy 
not only was there an actual decrease in the cardiac outline but all 
signs and symptoms of decompensation disappeared. Lerman, 
Clark and hleans® believe that myxedema heart in the'sense of 
cardiac enlargement which undergoes shrinkage on thyroid medica- 
tion (so-called "accordion heart”) is common; in the sense of Zondek 
and Fahr (i. c., cardiac enlargement in association with congestive 
failure) it is rare. 

In contrast to these views, Willius and Haines*® believe that gross 
cardiac enlargement is only an occasional accompaniment and not 
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a common feature in myxedema. In their study of 1G2 mjxedema 
patients 91% showed no signs or symptoms of cardiovascular dis- 
ease. The remaining 9% liad cardiac disturbances which could be 
accounted for in their opinion on grounds otlier than a low thyroid 
function. Unfortunately their conclusions arc not based on any 
roentgenologic examinations of the heart. 

In addition to the work on the size of the heart numerous observa- 
tions on the vascular system with special reference to the association 
of anginal attacks witli myxedema have been made. Hertogbe*° in 
1914 suggested that the pain was due to a myxedematous infiltration 
of the nerve cells of the su])porting connective tissue. Sturgis-^ 
and Whiting and Sturgis-** thought that arteriosclerosis was a factor 
in the causation of the anginal syndrome but felt that the associated 
anemia was of extreme importance because of the resulting added 
strain on the heart. 

Means, White and Krantz,-- Abrami, Brule and Hietz-^ believed 
that the attacks of angina may be the result of thyroid therapy, 
particularly in cases associated with arteriosclerosis. It was the 
opinion of these observers that the production of pain was due to an 
increased flow of blood following the use of thyroid where there 
was an arteriosclerotic narrowing of the coronary vessels. 

There is little mention in the literature concerning the relation- 
ship between myxedema and liypertension. It apparently may 
coexist but is not necessarily a part of the clinical picture. 

Several writers have limited their reports to electrocardiographic 
studies. Most of them have corroborated Zondek’s original findings 
in which he emphasized flat P waves, flat or inverted T waves, and 
low P waves. These changes were interpreted as a result of the 
diminution in the strength of contractions of the auricle and ven- 
tricle inherent in mjxedema. In 2 cases Chini'^ found the typical 
coronary T wave described by Pardee. There is a general impression 
that when these changes occur they will return to a normal graph in 
the majority of cases following thyroid therapy. 

Clinical Ohservations. In 1925 the writer®^ reported a series of 
25 cases of my.xedema. Since that time 2 of this group have devel- 
oped cardiac manifestations which form the basis of this study. A 
brief resume of their clinical course and subsequent postmortem 
findings follows: 

Case Eeports. Case 1.— A white female, aged 53, was first seen in 
1925 complaining of marked weakness. At that time she had been confined 
to her bed for several weeks presumably mth heart disease. Her mental 
faculties were dull and she was more or less semicomatose. Her skin was 
dry but there was no edema. Aside from distant heart sounds nothing of 
significance was found in her circulatory system. Her blood pressure was 
125/80 and her B.M.R. Avas —28. After thyroid therapy there was a 
prompt response resulting in a complete remission of sjnnptoms. She 
found from experience that a discontinuance of the thyroid would cause a 
return of her discomfort. Her last illness followed a 2 months’ interruption 
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of treatment and on admission to the hospital she was markedly dyspneic, 
semicomatose and anemic. There was evidence of cardiac enlargement and 
a small amount of fluid at the right base. Pulse, 80; respirations, 36; blood 
pressure 110/70. The liver extended to the level of the umbilicus but 
there was no edema of extremities. Hbg. 55%; red blood cells 2,560,000; 
white blood cells 7600. Blood urea 80; chlorids 380; serum calcium 7.6; 
Wassermaxm and urinalysis tests negative; —18 (after 1 week of 

thyroid treatment). Roentgen ra 5 '^ of chest showed a much enlarged heart. 
Its greatest transverse diameter was 21 cm. After 2 weeks of thyroid 
therapy the transverse diameter was 17^ cm., or a shrinkage of 3? cm. 
during which time there was a clinical improvement. Fluid was present 
at the right base. While still in bed precordial pain developed followed 
later by evidences of coronary occlusion, thrombi in left brachial artery, 
heart block, cardiac decompensation and death. During her entire iUness 
the respiratory rate continued above 40 per minute. Prior to the last few 
days, the pulse had a regular rhythm and good volume at 75 to 80 per 
minute and her blood pressure averaged 110/70. Electrocardiographic 
tracings on admission showed a normal rhytlun, but a negative T wave in 
Lead I. A week later the T waves in Lead I continued inverted and there 
was an increase in rate. At the end of the second week there were further 
T wave and amplitude changes and in addition there was a varying P-R 
conduction time. These abnormalities were followed later by marked 
changes in the Q-R-S .and T complexes. The final tracings showed a 
migratory P wave until stiU greater amphtude changes and slurring of the 
Q-P-S complexes. Thyroid therapy was continued during the greater 
part of her illness and was supplemented by digitalis for a short period 
following the second tracing. 

Autopsy (Dr. J. S. Horsley, uithin 1 hour after death). About 500 cc. 
of fluid was found in both pleural cavities but none in the pericardial sac. 

Heart somewhat hypertrophied (400 gm. after fixation) and attached 
over most of its apical half by firm adhesions, uith. blotchy hemorrhagic 
patches, to the pericardium. On cutting away the latter the rest of the 
epieardium was seen to be smooth and sliining, except for a large white 
milk spot over the left auricle. The subepicardial fat was moderate in 
amount. All coronary arteries were much thickened. On section the left 
ventricular wall, when traced toward apex, showed a gradual transforma- 
tion to fibrous tissue, which at the apex was only 3/16 inch thick. Attached 
to the whole apical half of the cavity was a huge thrombus, almost filling 
the cavity. Another firm thrombus filled the left auricular appendage. 
The aortic and mitral valves showed patchy yellow sclerosis of moderate 
degree (Fig. 1). • ■ ' 

Microscopically, a,t the apex the changes were those commonly found in 
the fibroid myocardium of coronar 3 '’ arteriosclerosis, but of a most advanced 
tlTPO, i- e., the fibrosis was more marked, and the muscle more atrophied 
than usual, the latter in fact having ahnost disappeared. Attached to the 
inner surface were layers of fibrin almost ceU-free (Fig. 2) . 

Case 2. — A white female, aged 55, was first seen in 1925, complaining 
of weakness and swelling of extremities. Her phj’^sical e.xainination was 
essentia% normal at that time udth the exception of a B.M.R. of —33, 
Her sjTnptoms disappeared under thyroid treatment although a discontinu- 
ance of glandular therapy would cause a return of her discomfort. During 
one of these intemussions 4 months before admission to the hospital she 
had an episode typical of coronarj’^ occlusion, from which she made a slow 
but satisfactory recoverj\ No thjnoid was giren during this period. Her 
sjTnptoms necessitating hospitalization for her second illness began 2 weeks 
previous^ with dj-spnea, swelling of the legs and weakness. On examina- 
tion her heart was enlarged but there was normal rhythm. Pulse 86- 
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rcspiralion 36; blood pressure 140/90. There were physical signs of fluid 
at both bases and edema of both legs. Her liver extended a liands’ breadtb 
below the costal border. Eoentgen ray of the chest showed an enlarged 
heart having a transverse diameter of 18 cm. Electrocardiogram on admis- 
sion showed diphasic 2’ waves in I.<;ad.s I, II, III and IV and isoelectric T 
in Lead II. One week later Ti and 7; were positive, diphasic and 7'.i 
isoelectric. Hgb. GOTb; red blood cells 3,342,000; white blood cells 12,400; 
chlorids 840; globulin 2.2; albumin 3.G; creatinin .5.1, mg. per 100 cc. blood. 

There was only a slight decrease in the size of the heart shadow during 
her illness and very Utile resiionso to thyroid thera])y. Dys]nica was the 
outstanding symptom which seemed to be out of proj}ortion to the amount 
of circulator^' disturbance. Exidence of further coronary involvement 
developed which apjiarently c.aused her death. 

Avtopsy (Dr. J. P. BakW, Jr., witliin 1 hour after death). Several 
hundred cc. of fluid was found in the right pleural cavity, but none in the 
pericardial sac. 

A inoderately hypertrophied heart (4.50 gm. after fixation), with smooth 
glistening pericardium, increased subepicardial hit, and extremely sclerosed 
coronarj' arteries, the lumina of whicli arc reduced to pin-i)oint size. On 
section, the entire apical half of the left ventricular mj'ocardium shows 
nearlj' complete replacement of fibrous tis.suc, the thickness of this at the 
apex being about J- inch. Firmly attached to the apical third of the cudo- 
cardiuin is a hard white thrombus. The mitral and aortic valves are un- 
affected. The right cavities and left auricle appear normal (Fig. 3). 

Microscopically, at the apex the changes found were those ty])ical of 
fibroid myocardium in coronarj' arteriosclerosis, but were of a most ad- 
vanced kind. Epicardium and fat were normal. The myocardium was 
reduced to one place to about inch thickness, and everj'Ai'here about the 
apex was largely replaced by fibrous tis.sue with small islands of isolated 
muscle fibers in various stages of atrophy and degeneration. The small 
vessels, branches of the anterior descending coronary, were thickened to a 
marked degree. Attached to the endocardium were laj'ers of fibrin con- 
taining little or no red cells, for a considerable thickness. The left coronarj' 
arterj', about an inch distal to its origin was reduced in diameter to less than 
one-third, the walls being enormously thickened by crystallin material 
(Fig. 4). 

Discussion. Although the term mj'xeclenia lieart is accepted by 
most observers there is a wide difference of opinion as to whether 
the apparent increase in size of the cardiac shadow is due to peri- 
cardial effusion, dilatation, actual liypertrophy or a type of myo- 
cardial flahhiness resulting from a low' metabolic rate. Lcrman, 
Clark and h'leans- found fluid in the pericardium in their 2 autopsied 
patients who had not received thyroid before death, but aside from 
its occurrence in part of Goldberg’s exiierimentally produced myx- 
edemas in sheep, it has not been a prominent feature. Actual 
hypertrophy wdth or w'ithout dilatation xvas present in the majority 
of the other authentic postmortem records and has been a frequent 
flnding by Roentgen ray in the clinical records. 

It is reasonable to presume that the microscopic findings in 
these cases w'ould vary according to the stage of the mj-xedema as 
w'ell as to w'hether thyroid therapy had been in progress prior to the 
death of the individual. The presence of a mucin-like infiltration 




Fig. 1.— Myxedema heart (400 gm. after fixation) , showing almost complete fibrosis 
toward apical region. Black line indicates the cut edge of the endocardium. A fresh 
thrombus is seen in situ. 



Fig. 2. — Microscopic section of myxedema heart showing muscle degeneration and 
fibrosis near apex. ( X 100.) 







Fig, 3. — Myxedema heart (450 gm. after fixation), showng replacement of muscle 
with fibrous tissue and a fresh apical thrombus. Black lino indicates the cut edge of 
the endocardium. 



Fig. 4. — Microscopic section of the heart taken near the apex showing fibrosis, and 
extreme coronary occlusions. ( X 100.) 
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in the myocardium in the untreated individuals is not incompatible 
with the finding of granular degeneration and fibrosis in one where 
thyroid had been administered. The frequent reference to arterial 
changes in these studies and the well-known presence, of arterio- 
sclerosis in the clinical records of myxedema are worthy of a more 
detailed discussion. 

There appears to be a striking analogy between the occurrence of 
arteriosclerosis in diabetes and spontaneous myxedema. In both 
instances the sclerotic process often begins early in the disease 
regardless of the age of the patient, and is one of the most constant 
findings in both maladies in their terminal stages. In a recent 
survey of vascular complications in diabetic individuals dying in 
New York City during 1930, more than half of the deaths were 
attributable to cardiovascular diseases. Of 100 diabetic patients 
past the age of 40 Enklewitz^^ found that 79 had arteriosclerosis of 
the aorta and 70 showed the same process in the kidneys. Coronary 
thrombosis occurred twice as frequently in diabetic as in non- 
diabetic patients. Joslin^^ states that the evidence implies that the 
increasing incidence of arteriosclerosis in the diabetic individual 
can be checked and the earlier types of arteriosclerosis overcome 
by a diet which provides for a complete oxidation of fat. 

The analogy between these two diseases is further borne out by 
the constant finding of a high cholesterol in both conditions. The 
presence of hjTpercholesterehiia in myxedema is so invariable that 
it is now regarded as a more reliable index of thyroid underactivity 
than even the basal metabolic rate. Although the etiologic factors 
entering into the development of arteriosclerosis are not definitely 
established, none has a more convincing experimental basis than 
the role of the cholesterol esters. Many years ago Virchow sug- 
gested the relationship of abnormal fatty metabolism to these 
vascular changes and more recently Aschoff® has modified it. 
According to his conception, there is a fatty deposition in the walls 
at the site where vessels are under physiologic strain. These lipoid 
substances apparently are derived from the blood and reach the 
intima by way of the lymph to.be precipitated in the fine meshwork 
of the intermediate elastic layer. As the cholesterol esters becomes 
more concentrated in the blood stream there is an increasing imbibi- 
tion of these lipoids into the vessel walls. The greater the accumu- 
lation of lipoids in the interstitial tissue the more obvious does the 
presence of droplike deposits in the cells of the intima become. 
There is experimental e^'idence to show that every lipoid infiltration 
of the intima when it has been present a sufficient time causes a 
reactive hypertrophy of the adjacent intima! tissues; As a result 
of this superconcentration of lipoids areas of necrosis develop which 
in turn are followed by a deposition of calcium salts. 

Anitsclikow*® has described lesions of the vessels which he believed 
to be true arteriosclerosis in certain animals obtained with a diet rich 
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in cholesterol. These findings have also been confirmed by New- 
burgh and Clarkson.® Shapiro^* was able to produce arteriosclerotic 
changes and a hypercholesterolemia in rabbits by thyroidectomy 
and a high cholesterol diet. Although this experimental arterio- 
sclerosis shows certain definite variations from the human type, 
it is sufficiently close to be of clinical significance particularly in 
those diseases associated with a high cholesterol in the blood. 

Another factor to be considered in the production of the terminal 
changes in the myxedema heart is the strikingly slow velocity of 
blood flow in these cases. Blumgart, Gargill and Gilligan’ have 
shown that the slowing of the blood flow in myxedema was almost 
as great as that observed in patients with rheumatic vahmlar heart 
disease with auricular fibrillation and congestive failure. The 
great increase in velocity of the blood that occurs when the basal 
metabolism rate is raised to normal afibrds a rational explanation 
of the clinical manifestations of cardiac insufficiency which not 
infrequently follow too active glandular therapy in myxedema. 

This physiologic breakdown coupled with the tendency to arterio- 
sclerotic narroM-ing of the vessels justifies the assumption that the 
coronary system eventually fails to supply the needs of the heart and 
myocardial incompetence results. The autopsy records of the 2 
cases reported bear out this conclusion and offer a reasonable cause 
for the clinical course in each instance. Other available pathologic 
studies tend to substantiate this impression. There is, however, a 
general feeling based largely on cardiac findings following total 
ablation of the thyroid gland that myxedema heart in the sense of a 
condition precipitating attacks of congestive heart failure does not 
exist. In the clinical records of the first patient there is ample 
exddence of decompensation prior to the development of coronary 
occlusion. In the second case similar findings were present but they 
may have been the result of a failing myocardium following a coron- 
ary" episode 4 months pre^^ously. It must be remembered in this 
connection that whereas spontaneous myTcedema is a gradually 
developing disease over a period of many years the artificial tyqie 
is of much shorter duration. If abnormal cholesterol metabolism is 
the chief etiologic factor in the production of the vascular changes 
found in spontaneous my^xedema it is obvious that not sufficient 
time has elapsed to evaluate its effect on the heart in artificial 
myxedema. 

It may be concluded from the experimental e^^dence and the 
available postmortem findings that changes in the cardiovascular 
system in myxedema are of frequent occurrence. Sufficient evidence 
has accumulated to make it apparent that the term myxedema 
includes varying groups of thyxoid underactivity. We no longer 
restrict the diagnosis to the clinical picture originally described by 
Gull and it is, therefore, not reasonable to assume that similar- 
circulatory" findings would be present to the same extent in the incip- 
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lent as in tlie advanced types. In the early stages of thyroid defi- 
ciency it is probable that there is a mucin-like infiltration of the 
muscle fibers which can be overcome by the judicious use of thyroid 
extract. The postmortem findings from the Massachusetts General 
Hospital and also the one reported by Schultz^ would seem to indi- 
cate that their cases fell in this group. 

As the disease progresses further degenerative changes occur 
and a more advanced pathology is found. This is characterized 
by a definite enlargement of- the heart and the development of 
sclerotic areas in the arterial vessels. Because of these early and 
late changes degeneration of the muscle fibers take place to be fol- 
lowed by an extensive fibrosis of the myocardium. The most logical 
explanation for the resulting arteriosclerosis is the presence of high 
percentage of cholesterol in the blood. If proper doses of thyroid 
are selected it is reasonable to believe that further damage to the 
heart and circulatorj'^ system can be avoided. The excessive use, 
however, of glandular therapy would tend to increase the velocity 
of the blood through the heart and coronary failure would probably 
follow. 

The heart in m>Gcedema is a distinct clinical and pathologic 
entity and should be considered in the differential diagnosis of every 
obscure cardiac disease. It seemingly bears a direct relationship 
to abnormal cholesterol metabolism and its prevention depends 
largely on its early recognition. 

The pathologic studies on the cases reported in this paper -were made by Dr. Frank 
Apperly, Head of the Department of Pathology, Medical College of Virginia, to 
•whom I am deeply indebted. 
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THE PROGNOSIS OF BUNDLE BRANCH BLOCK AND OTHER 
INTRAVENTRICULAR CONDUCTION SYSTEM LESIONS. 
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ASSISTANT CLINICAL mOFESSOn OF MEDICINE OP THE UNIVEUSITY OP CALIFOUNIA, 

AND 

Ola E. Nagle, A.B., 

Et,ECTnOC.\RtlIOGnA.FH TECHNICIAN AT THE UNIVERSITY OF CALIFORNIA HOSPITAL, 

SAN FRANCISCO, CALIF. 

(From the Dhdsion of Medicine, University of California Medical School.) 

The purpose of the research reported here is to ascertain life- 
expectancy in patients who have electrocardiographic evidence of 
damage to the intraventricular conduction system of the heart. 
It has been customary to consider these lesions under two categories, 
bundle branch block and arborization block, but we treat both here 
under the head of intraventricular block in the broad sense of the 
term. 

Electrocardiograms have been classified as examples of bundle 
branch block only wdien they present (1) definite left or right axis 
delation, (2) appreciable slurring of the Q-R~S deflections or 
measurable delay in conduction time of this total complex group 
over 0.1 second, and (3) T waves pursuing a direction reversed from 
the major Q-R-S deflection in Leads I and III. Curves demon- 
strating marked delay in the tracing of the Q-R-S complex group, 
but failing to fulfill the other criteria mentioned above, have been 
assembled in a heterogeneous group and designated as examples 
of intraventricular block. 

In a recent report which includes few data on prognosis, Baylcy^ 
identifies, in addition to the classical “levogram” and “dextrogram” 
forms, three groups wdrich he believes represent additional examples 
of "dextrogram” bundle branch block. All of these three sub-groups 
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present definite slurring of Si, and prolonged Q-R-S excursion time. 
Comment will be made later on the statistical justification of this 
classification. 

Electrocardiographic identification of the site of lesion in bundle 
branch block has been a matter of controversy and the subject of 
several recent reports. We have termed the commonly occurring 
type of “levogram form,” the left bundle branch block, and the 
infrequently occurring tjqie of "dextrogram form,” the right bundle 
branch block, according to the scheme of Wilson et al.^ 

Graybiel and Sprague^ have divided the group of intraventricular 
blocks into three classes; (a) the homophasic form, in which the 
T waves occur in the same direction as the major Q-.R-S deflections ; 
(b) the indeterminate type, in which the major deflection of the 
Q-R-S group is in the same direction in all three leads; and (c) 
a group with Q-R~S delay, but not falling into any of the above 
classifications. According to their data, none of these types was 
found to differ appreciably in prognosis from the two “classical” 
bundle branch block groups. 

Discussion of Data. The case records analyzed covered the 20- 
year period from 1913 to 1933, during which time one or more 


Table 1. — Cases op Bundle Branch Block. 

Dead. 


Distribution by: 1 

No. of 
patients. 

% 

of total. 

No. of 
patients. 


Type: 

Left bundle branch block (levo- 

gram form) 

146 

93 

109 

75- 

Right bundle branch block (dex- 

trogram form) 

11 

7 

10 

91- 

Sex: 

Males 

96 

61 - 

76 

81 

' Females 

61 

40- 

43 

71 - 

Age groups (at time of discovery of 
lesion) : 

To age 40 

14 

9 

12 

85 

40 to 49 

24 

15 

19 

79- 

50 to 59 

49 

31 

34 

69- 

60 to 69 

47 

30- 

37 

80 

70 to 79 

19 

12 

15 

79- 

SO or over 

4 

3- 

.3 

7.5 

Etiology: 

Arteriosclerotic 

56 

36 

43 

80- 

Hypertensive and arteriosclerotic 

52 

34- 

40 


Syphilitic 

14 

9 

13 

93- 

Rheumatic . 

10 

0 

8 

SO 

Thyrotoxic . 

7 

5 — 

9 

90 _ 

Miscellaneous and doubtful etiol- 

ogy 

IS 

11 

10 

55 

Total . 

157 


121 

77 


Fatalitj' of 50 patients of whom successive electrocardiographic records were made : 


Unchanged 

(%). 

64- 


Elcctrocardiogram. 


Showed 

advancing form 
(%). 

S0 + 


Showed 
receding form 
(%). 
80- 


Caso’fatality 
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electrocardiographic records of each of approxiinatelj' 8000 patients 
were secured in the lahoratoiy of the University of California 
Hospital. The data assembled in the accompanying tables and 
figures include the duration of life in years and in percentages of 
estimated life eNi^ectancy lived as derived from the medico-actuarial- 
estimates in the year 1924, as well as the case fatality rates of patients 
presenting the lesions under discussion. 

Table 1 represents the case fatality rates of the group of 157 
patients whose tracings presented examples of classical bundle 
branch block; and Table 2 those of the heterogeneous group of 112 


Table 2. — Cases or iNTBAVENTmcuLAn Block. 

Uoad. 


Distribution by. 

No. of 
puticnis. 

of total. 

No. of 
patients. 

■ %. 

Sex; 

Males .... . . . 

75 

07 

38 

51 

■ Females . . . 

37 

33 

14 

38 

Age groups (at time of discovery’ of 
lesion: 

To age 40 

28 

25 

8 

29 

40 to 49 

24 

21 

0 

25 

50 to 59 . 

20 

23 

14 

5-1 

GO to 09 . . . . . 

27 

21 

19 

70 

70 to 79 . . . . 

5 

4 

4 

80 

80 or over 

2 

2 

1 

50 

Etiology: 

Arteriosclerotic 

39 

35 

25 

04 

Hypertensive and arteriosclerotic 

19 

17 

10 

63 

Syphilitic ... 

9 

8 

5 

55 

Rheumatic . 

12 

11 

' 8 

00 

Thyrotoxic .... . . 

4 

4- 

2 

50 

Congenital 

7 

0 

1 

14 

Miscellaneous and doubtful etiol- 
ogy 

22 

19 

3 

14 

Total 112 52 40 

Fatality of 42 patients of tvhom successive electrocardiographic records tvere made 


ElcctrocardioKmm. 


Showed Sliowod 

Unchnneed .ad%-’ancinK form recedinB form 
(%)• (%)■ (%). 

Case fatality .... . 32 — 74 -(- 10 — 

examples of atypical intraventricular conduction system block. 
Because no cognizance is taken of the length of time the living 
patients were followed, these case fatality rates cannot be accepted 
as an accurate estimate of prognosis. Actually, hoAvever, these 
case fatality rates are close approximations since a great number of 
patients recorded as dead passed into that classification relatively 
shortly after discovery of the lesion, at Avhich time most of the living 
patients were still being followed. Thus, the known fatality was 
never more than 10% lower than the hjTpothetical case fatality rate 
based on the supposition that all the “living” patients had been 
followed as long as the longest period in each group; namely, 17 
years for the intraventricular blocks and 11 years for the bundle 
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branch blocks. It is likewise recognized that some. of the patients 
who died did not die of cardiovascular disease. The number which 
fall into this group is known to be too small to affect the case fatality 
figures. 

TaBI-E 2A. — SUBCLABSIFICATIONS OF InTRAVENTRICUEAB BlOCKS. 


Living. 

Dead. 

Total. 

Fatality 

(%). 

I. Left (Graybiel and Sprague’s classification) 

A. Homodirectional, left (T upright in 
Lead I) 

43 

15 

58 

28 

B. Classical form, left bundle branch 
block (criteria doubtful) . 

17 

10 

27 

' 37 

C. Mixed type (all R’s upright) 

13 

5 

18 

28 

D. Miscellaneous 

8 

4 

12 

33 

Total 

81 

34 

115 

29 

Living. 

Dead. 

Total. 

Fatality 

(%). 

II. Right (Bayley’s classification— all have 
slurred Si) 

A. Classical form, right bundle branch 

block (criteria doubtful) . 

10 

3 

13 

23 

B. Ri greater than Si, otherwise the 

same 

8 

1 

9 

11 

C. Prominent Sz, with slurred upright 

wave following it 

2 

2 

4 

50 

D. Deep Sz, without slurred upright 

wave following it . . . . . 

7 

3 

10 

30 






— 

Total 

27 

9 

36 

25 


There are added to this group of intraventricular block, 39 cases of “classical” 
form of bundle branch block and 1 case of intraventricular block that were not 
entered in either Tables 1 or 2 because the criteria were doubtful. This accounts 
for the discrepancy in total number of cases in this table (151) as compared with 
Table 2 (112). 

Table 3. — Bundle Branch Block. Chance of Survival, in Per Cent, for 
Each Year of Life Attained Following Discovery of Lesion. 

No. of years 
patient has 

survived fol- Chances patient may survive to end of: 

lowing dis- ^ — ■* — 


covery of 

l8t 

2d 

3d 

4th 

5th 

6th 

7th 

.8th 

9 th 

lOtli 

11th 

lesion. 

yr. 

yr. 

yr- 

yr. 

yr. 

yr. 

yr. 

yr. 

yr. 

yr. 

yr. 

Onset 

. . 72 

66 

42 

36 

30 

27 

22 

21 

21 

21 

20 

1 


73 

00 

51 

40 

36 

30 

28 

28 

28 

27 

2 



71 

65 

52 

47 

40 

35 

35 

35 

34 

3 




85 

78 

72 

30 

40 

40 

40 

44 

4 . 





80 

72 

59 

54 

54 

54 

51 

5 . 






91 

74 

08 

08 

08 

04 

6 . 







82 

74 

74 

74 

71 

7 








93 

93 

93 

89 

8 . 









93 

93 

93 

9 . 










93 

93 

10 . 
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From the hj^iothetical case fatality graphs connecting the middle 
coordinates in Figures 1, 2, 3 and 4, Tables 3, 4, 5 and 6 have been 
constructed. Tables 3 and 5 give, for each of the groups, the esti- 
mated chance of survival, in percentage, for each year of life follow- 
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Years of Life 

Fig. 1. — Distribution of 157 cnscs of bundle brnncli block according to years of 
life to which they were followed after discovery of t he lesion. Sec descriptive footnote. 


Legend Footnote to Figs. 1, 2, 3 and 4, 

Figs. 1, 2, 3 and 4 represent the integral curves of the cstirnated disposition of 
100% of the cases in each group. Figs. 1 and 2 of the cases of bundle branch block, 
and Figs. 3 and 4 of the heterogeneous cases of intraventricular block. The ordinates 
represent the percentages. The absciss® of Figs. 1 and 3 indicate the changes that 
have taken place after each year of life since the discovery of the lesion; while the 
absciss® of Figs. 2 and 4 represent the changes that have occurred after each 10% 
of the theoretical 100% of life expectancy. 

The upper cun® in each figure connects the points representing the actual per- 
centages of patients known to have died during each successive period. The lower 
curve connects the points representing the percentage of patients knomi to be lirdug 
at the end of each successive period. These percentages drop rapidly, of course, 
after 5 years’ time, reaching 0 at the end of 11 years in the bundle branch block chart, 
and 17 years in the intraventricular chart, as those were, respectively, the longest 
numbers of years that any patients in the groups w'erc followed. (Note the intra- 
ventricular block chart is carried only to 16 years.) 

The middle curve represents estimates of the percentage of fatality in successive 
periods, including a final estimate for the complete group. The points in the curve 
have been obtained by applying the known fatality rate of each period to the number 
of Imng patients that have dropped from observation during the preceding period. 
The estimated percentage of fatality of the unobserved patients is added to the 
fatality rate of observed patients; and a hypothetical percentage of fatality for the 
entire group is thus obtained. 

If a curve-smoothing device had been applied to these graphs, the unusual devia- 
tion noted in Tables 3, 4, 6 and 6 based on actual case number calculations would 
not have occurred. For example, in Table 3 a patient has a 73% chance of sunuiung 
to the end of the second year if he survives 1 year after the discovery of the bundle 
branch block, but only a 71% chance of survival to the end of the third year if he 
survives 2 years after the discovery of the lesion. 
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Percentage of Life Expectancy 

Fig. 2. — Distribution of 157 cases of bundle branch block according to percentage 
of total life expectancy to which they were followed after discovery of the lesion. 
See descriptive footnote. 
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40+ 40 + 


4p+ 45+ 4p+ 45+ 45+ 45+ 45+4s^ 


^ 48 - 48 - 48^50 


^Ti 14 15 To 

Years of Life 

Fio. 3.' Distribution of 112 cases of intraventricular block according to years 
of life to 'which they were followed after discovery of the lesion. See descriptive 
footnote. 
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20 

30 
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60 
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80 

90 
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Percentage of Life Expectancy 


Fig. 4. — Distribution of 112 cases of intraventricular block according to per- 
centage of total life expectancy to which they were followed after discovery of the 
lesion. See descriptive footnote. 


Table 4.— Bundle Branch Block. Chance of Survival, in Per Cent, for 
Each 10^ OF Life Expectancy Attained Following Discovery of Lesion. 


Per cent 
of life 
expectancy 
attained 

followinc Chances patient nmy survive to life cxpectancj' of; 


discovcrj' 
of lesion. 

' 10 %. 

20%. 

30%. 

40% 

0 . 

. 54 

.39 

27 

24 

10 . 


72 

49 

43 

20 . 



69 

61 

30 . 




ss 

40 . 
50 . 





60 . 





70 . 





80 . 





90 . 






50%. 

co%. 

70%. 

80%. 

90%. 

0 

0 

22 

20 

19 

19 

19 

19 

41 

30 

35 

35 

35 

35 

56 

50 

49 

49 

49 

49 

82 

73 

71 

71 

71 

71 

92 

S3 

81 

81 

81 

81 


90 

88 

88 

88 

88 



97 

97 

97 

97 




97 

97 

97 





97 

97 
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ing tlie discovery of the lesion. Tables 4 and G give the chance of 
surtdval, in percentage, for each 10% of total life-exiiectancy 
attained following the discoverj' of the lesion. Thus, in Table 3 
it is seen that an individual has, at the time of the discovery of his 
lesion, a 20% chance of sur\n\ang 11 years longer; whereas, if he 
survives for 3 years, his chance becomes 44% of survmng the re- 
maining 8 years. This remarkable improvement in statistical 
prognosis, which takes place as time elapses following the discovery 
of the lesion, is most effectively demonstrated in the tables calcu- 
lated on the percentages of life-expectancy, since this method of 
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Table 5.— Intraventricular Blocks. Chance of Survival, in Per Cent, for 
Each Year of Life Attained Following Discovery of Lesion. 

' No. yrs. Chances patient may survive to end oJ: 


patient has 
survived 
following 
discovery of 
lesion. 

r»> 

CQ 

rs 

3d yr. I 

1 

>1 

6th yr. 

U 

>* 

■3 

b- 

•43 

CO 

s 

10th yr. 

11th yr. 

12th yr. 

13th yr. 

14th yr. 

15 th yr. 

U 

>* 

O 

Onset . 

81 

74 

67 

65 

62 

58 

68 

53 

52 

52 

52 

52 

52 

51 

51 

51 

1 . 


91 

83 

81 

76 

72 

72 

65 

64 

64 

64 

64 

64 

63 

63 

63 

2 . 



91 

89 

83 

79 

79 

72 

70 

70 

70 

70 

70 

69 

69 

69 

3 . 




97 

91 

87 

87 

78 

77 

77 

77 

77 

77 

76 

76 

76 

4 . 





94 

90 

90 

81 

79 

79 

79 

79 

79 

78 

78 

78 

5 . 






95 

95 

86 

84 

84 

84 

84 

84 

83 

83 

83 

6 . 







95 

86 

84 

84 

84 

84 

84 

83 

83 

83 

7 . 








91 

89 

89 

89 

89 

89 

87 

87 

87 

8 . 









98 

98 

98 

98 

98 

96 

96 

96 

9 . 










98 

98 

98 

98 

96 

96 

96 

10 . 











98 

98 

98 

96 

96 

96 

11 . 












98 

98 

96 

96 

96 

12 . 













98 

96 

96 

96 

13 . 














98 

98 

98 

14 . 















98 

98, 

15 . 
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Table 6.— Intraventricular Blocks. Chance of Survival, in Per Cent, for 
Each 10% of Life Expectancy Attained Following Discovery of Lesion. 


Per cent 
of life 
expectancy 
attained 
following 
discovery 


Chances patient may survive to life expectancy of: 


of lesion. 

'io%. 

20%. 30%. 

40%. 

50%. 

60%. 

70%. 

S0%. 

90%. 

100%.' 

0 . 

. 72 

63 58 

56 

53 

51 

50 

49 

49 

49 

10 . 


87 81 

78 

75 

71 

69 

68 

68 

68 

20 . 


93 

90 

85 

81 

SO 

78 

78 

78 

30 . 



92 

91 

87 

86 

84 

84 

84 

40 . 




94 

90 

89 

87 

87 

87 

50 . 





96 

94 

92 

92 

92 

60 . 






98 

96 

96 

96 

70 . 







98 

98 

98 

80 . 








98 

98 

90 . 









98 


talmlation discounts the natural fatality chances of the elderly 
individual. ^ The high case fatality rate for the first year of life 
after the discovery is thus made obvious. Such fatal cases may 
represent rapidly developing but not instantaneous occlusion of 
coronary arteries which in our experience do not often present the 
picture of classical bundle branch block. 

Ihe chance of an individual in the bundle branch block group to 
survive to 100% of his life-expectancy, rises from 10% to 49% if 
he survives 20% of the total expectancy after the discovery of the 
lesion. It is acknowledged that the time of discoverji of the lesion 
IS later than the actual onset, but we believe from the shape of the 
curves in ligures 1, 2, 3 and 4 that the majority of the onsets is 
close to the times of discovery. 

Several interesting obseiAiations mav be made from the data 
recorded in Tables 1 and 2, as follows: 
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_1. In comparing these data -ndth those recently published by 
Graybiel and Sprague® Avho had 308 patients followed for an un- 
known period (from 16,000 records of the ^Massachusetts General 
Hospital), the following is noted: They obtained 75 examples of 
classical left bundle branch block and 19 of right bundle branch 
block (total 94), and 214 examples of the three at^-pical intra- 
ventricular block groups; whereas, among our cases there were 
146 left bundle branch blocks and 11 right bundle branch blocks 
(total 157), and only 112 cases of atj'pical intraventricular defects. 
Their case fatality rate was approximately constant, numerically: 


<1, Dead. 

Right bundle branch block 67 

Left bundle branch block 77 

Atypical group 74 

as compared with our cases: 

7c Dead. 

Right bundle branch block 91 

Left bundle branch block 75 

Atj-pical group 46 


2. The case fatality rate of the females was definitely lower than 
that of the males, in both of our groups. 

3. In the cases of bundle branch block which were reviewed, a 
large number occurred in the involutionary decades of 50 to 60, 
and 60 to 70 years of age; whereas the cases of intraventricular 
block were fairly uniformly distributed to the age of 40. and mate- 
rially diminished in number during the decades following. 

4. The case fatality rate was found to be nearly uniform in both 
groups. That of the bundle branch block group was slightly higher 
in the early years. In the group of intraventricular blocks, the 
fatality was quite low in the early decades, but approximated the 
fatality of the group .of bundle branch blocks in the later decades, 
indicating that when the etiology is arteriosclerosis, the significance 
of both lesions was the same. 

5. Congenital heart disease produced no typical bundle branch 
blocks, only atj-pical forms; and theseattendant electrocardiographic 
changes held no prognostic significance.* 

6. The group of doubtful etiology had a relatively low fatality 
rate and probably represented cases of small focal lesions in the 
heart without general damage, and, therefore, insufficient sjnnp- 
toms or signs to point toward a definite etiology. 

7. Among the luetic cases there was a much higher case fatality 
rate in patients presenting bundle branch block than in those with 
intraventricular block, the former being the highest fatality of any 
grouji assembled (93%). 

* One instance of typical right bundle branch block Tvas observed in a patient 
■with congenital heart disease who died by suicide. This is not included in our series 
of 157 cases. 
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8. Owing to the controversy as to whether or not thyrotoxicosis 
can cause organic cardiac disease, it is of interest that several of the 
patients in both groups reported under thyroid heart disease were 
under the age of 45 and had no proven evidence of any other etio- 
logic agent. Those patients over the age of 45 may have had 
coronary arteriosclerosis contributing toward the cause of intra- 
ventricular or bundle branch block defects. There was one patient 
in whom definite mjrxedema was present. Approximately the same 
case fatality rate existed in this as in other etiologic groups. 

9. In the group of bundle branch blocks, patients with successive 
records showing no change had a lower fatality than patients whose 
electrocardiograms showed either advances or recessions from the 
extreme typical form of bundle branch block; but in the intra- 
ventricular block group the lowest fatality was found among 
patients whose electrocardiograms had indicated recession from 
the form of a bundle branch block. There was no constant interval 
between successive records in the same or different patients and the 
changes were estimated on arbitrary criteria. Such data probably 
have little significance. 

10. In the subclassification of intraventricular blocks according 
to Bayley’s^ scheme, we find the case fatality rates uniformly lower 
than in the classical bundle branch block forms. From this eAudence- 
it would seem more reasonable to continue classifying these forms 
with the less serious heterogeneous group of intraventricular blocks. 

Conclusions. One hundred and fifty-seven cases of classical 
bundle branch block and 112 cases of heterogeneous atj’pical intra- 
ventricular conduction-defect (as demonstrated by electrocardio- 
grams), have been reviewed in an effort to estimate the prognosis 
of these groups. 

Certain prognostic findings seem to characterize these groups and 
their elements. Especially to be noted is the high fatality occurring 
in cases of bundle branch block during the first year after the dis- 
covery of the lesion or in the first 20% of the life-expectancy and 
the remaikable diminution of the case fatality rate in the groups 
which survh'e these periods.* 

* At time of publicatiou 1 case of left bundle branch block 'was still in reasonably 
good physical health 12 years after the discovery of the lesion. 

AVe ■wish to thank Dr. AATlliam J. Kerr for the use of material and C. M. Rose 
and R. E. Sampson for assistance in case follow-up. 
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AN ELECTROCARDIOGEAPHIC STUDY OF LEAD IV WITH 
SPECIAL REFERENCE TO THE FINDINGS IN ANGINA 
PECTORIS.* 

By Harold D. Levine, M.D., 

ASSISTANT IN MEDICINE, HATIVAIID MEDICAL SCHOOL, 

ANT) 

Samuel A. Levine, M.D., 

SENIOR ASSOCIATE IN MEDICINE, DETER BENT BRIGHAM lIOSriTAL, ASSISTANT 

rnOFESsoR of medicine, harvurd medical school, 

BOSTON, mass. 

(From the Medical Clinic of the Peter Bent Briglinm Hospital and the Dcpaiimcnt 
of Medicino of the Harvard Medical School.) 

As a result of very elaborate theoretical work by Wilson and bis 
collaborators' culminating in some clinical observations-'® and 
amplified by the studies of AVolferthand Wood’*'®'® prccordial leads 
have been introduced into the electrocardiographic study of heart 
disease. The main emphasis has been on the detection of changes 
indicating myocardial infarction. Although this procedure has 
been in use only for a few years, alterations in the electrocardio- 
gram have been observed by this method that have confirmed the 
diagnosis of coronary thrombosis made by the more usual means 
and at times has constituted the only reliable e^^dence of sucli 
diagnoses.®"" In general it has been found that when one electrode 
is placed over the precordium and the other or indifferent electrode 
'is placed on the back or left leg, the ventricular complex of a normal 
heart will show a sharp initial downward deflection (Q4) and an 
inverted T-wave.*®'*® It has been emphasized that during the acute 
stages of myocardial infarction the Q- T interval may be significantly 
depressed below or elevated above the isoelectric line depending 
upon whether the lesion is in the anterior or posterior portion of 
the ventricle respectively. With anterior lesions it has also been 
noted that the Q-wave generally disappears entirely so that the 
initial ventricular deflection is directed upward. In posterior 
lesions the Q-wave is expected to persist. Simultaneous the T-wave 
of Lead IV which normally is inverted may become upright in 
anterior lesions and the inversion may be exaggerated with pos- 
terior involvement. The alterations of the T-wave when they do 
occur can be temporary so that an essentially normal form may be 
eventually resumed. Wilson particularly has emphasized the more 
permanent changes in the Q-R-S complex in contrast to the tran- 
sient alterations in the 2-wave. Although this has been generally 
confirmed in the present study, in one of our cases that was proved 

* This work was done in part under a grant from the Proctor Fund for the Study 
of Chronic Disease. 
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to have an anterior infarction a Q4 was absent for about one week 
and then appeared a day or two before exitus. 

The purpose of this study is to record the electrocardiographic 
findings in a group of 44 cases that have come to postmortem exami- 
nation at the Peter Bent Brigham Hospital during this past year. 
An analysis was made of these data to see if the fore-mentioned 
criteria are reliable and to ascertain what limitations, if any, there 
may be in their application. In addition, a survey was made of the 
electrocardiograms in a routine group of 100 consecutive ambula- 
tory cases of angina pectoris as seen in consultation practice. This 
was thought to be of some importance because although consider- 
able data have already been accumulated concerning acute coronary 
thrombosis and myocardial infarction little has been published in 
relation to angina pectoris.- 

There is some difference in opinion concerning the exact technique 
in obtaining a precordial lead. Because the form of the ventricular 
complex varies considerably depending upon the part of the chest 
over which the electrode is placed, it .has been suggested that 
numerous points over the precordium need to be explored to obtain 
a complete study! There has also been some question whether the 
indifferent electrode should be on the back of the chest or on the 
left leg. In order to simplify the technique and because Wilson^^ 
is of the opinion that nothing of importance will be lost thereby, 
we have kept the indifferent electrode on the left leg. Believing 
that a long series of electrocardiograms w'ould be cumbersome and 
having adduced evidence that one precordial lead is insufficient, 
applications in all cases have been made with the right arm electrode 
first at the fourth left parasternal space and then in the region of the 
apex impulse. In most instances the new^ type of electrodes, using 
paste, was employed. We are aware of the fact that different elec- 
trocardiograms may result from slight changes in the position of 
the anterior electrode but the deductions that will be made will 
recognize this limitation: 

Observations on 44 Autopsied Cases. There w^ere 44 cases in this 
study that were examined postmortem in which tracings using 
both the conventional leads and Lead IV were obtained during 
life. Of these 17 died of coronary artery disease, 4 of hypertensive 
heart disease, 4 of vahmlar disease, 5 of pneumonia, and 14 of mis- 
cellaneous causes. In this way comparisons could be made between 
cases with and vdthout disease of the coronary arteries and between 
cardiacs and non-cardiacs. We interpret Lead IV as “positive” 
(for myocardial infarction) if the Q-wave is absent* or if there are 
significant de\'iations of the RS-T segment. Lead IV is regarded 

^ FolloTOng the advice of Dr. F. N. Wilson, vre do not regard as "positive” those 
instances in which there is a sli^t initial upward deflection of the Q~R~S in Lead 
lolloired by a deep don-nward deflection, as this may occur normally, especially with 
the electrode at the apex. 
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as “questionably positive” if tlie Q-ivave is present but measures 
2 mm. or less in height. The term “abnormal Lead IV” is applied 
if the .T-vave is upright and the Q-wave measures more than 2 mm. 
Finally Lead IV is termed “normal” if the Q->vave measures more 
than 2 mm. and the T-vave is inverted. The conventional leads are 
designated as “abnormal” if there is an abnormal form of ventricular 
complex -with “coronary 7’-waves,” deviation of the RS-2' segment, 
low electromotive force, bundle-branch block or defective intra- 
ventricular conduction. Tracings with left ventricular preponder- 
ance, auricular fibrillation or flutter, or with a prominent Q-wave as 
an isolated finding are not regarded as abnormal for the purposes of 
this analysis. 

As the tables show, there were 15 cases with “positive” Lead IV 
in at least one of the chest positions. Of the 11 patients “positive” 
at both the left sternal border and the apex, 9 showed anterior 
infarction. The tenth patient had chronic nephritis with terminal 
uremia and bundle-branch block; at autopsj’ there was no coronary 
occlusion or myocardial infarction, old or recent. The eleventh 
showed a tuberculous pericarditis at autopsy but no infarction. 
Of the 9 cases with anterior infarction at autopsy 0 showed “almor- 
mal” conventional leads while 3 showed essentially normal conven- 
tional leads. 


Table 1.— Analysis or Data of 15 Adtopsied Cases in Which Lead IV Was 

Positive. 


lioca-j 
tion. 1 

Infarc- 

tion. 

Name. Age. Sex. 

Clinical diagnosis. 

1 Conventional leads. 

■ Autopsy findings. 


Present ; N. B. 58 M 
. B. M. 57 M 

Cor. throrab. 

Cor. tliromb. ! 

1 

i AFVC (T.) 

! Dive 

, LarRc ant. infarct. 

: Lar^e ant. infarct. 



M. P. '69 M 

Cor. thromb. ' 

1 AFVC (T.) 

i Large ant. infarct. 

K 

1 

L. M. ■ 40 M 

Cor. throrab. ! 

I AFVC (T.) 

: Large ant. infarct. 

C. 


E. L. . 59 ' M , 

Cor. throrab. 1 

AFVC 

Large ant. infarct. 

a 

j 

^C.M.s79| F j 

1 Cor. thromb. I 

Complete ht. block; 
BBB 

^ Large ant. infarct. 



A. M. ! 47 ' M ! 

! Cor, thromb, ! 

LVP; inv. Ti and Tj* Ant. infarct. 

CO 


Z. M. 1 C2 j F 

V. S. } 74 . M 

1 1 

Hypertcnsivcht. dis. 

i Coronao' art. dis. 

LVP; AF 

Delayed A-V con- 
duct; VPB 

1 Ilccent. ant. and healed post, 
infarct. 

j Old and recent ant. infarcts. 


Absent 

W. B. ; 41 i M 

1 1 

[ P. M. 1 6S 1 M 1 

I Hypertens. ht. dis.; 

[ uremia ' 

Pulmonary infarct. '1 

BBB (left) 

LVP; Ti,:,. flat ; 

j Chr. nephritis; no pericarditis. 

' Tubcrc. pericarditis. 


Present 

- J. S. i 75 ; M 1 

1 Anpina pectoris 1 

LVP; AF; DIVC ! 

i Healed post, infarct. 

o 

ca 


1 C. C. j 63 i F 

1 Hypertcusiveht.dis.l 

LVP; AF; T.,,,, in- 
verted I 

1 Healed post, infarct. 

CO 


1 W. R. j 55 : M 

1 Cor. thromb. 

AF; auricular flutter! 

1 Large ant. infarct. 


I 

j Absent 

j 0. G. 1 52 ; M 1 Sj-pElis j 

1 I i 1 

BBB (right) 1 

; Luetic aortitis with narrow cor- 
1 onarj' ostia. 


There were 4 cases with absent Q-wave at the left sternal border 
only. Three of these showed infarction but in two the infarction, 
peculiarly enough, was located posteriorly and was of long standing. 
In the fourth case positive, at the left sternal border only, who also 
had right bundle branch block, necropsy revealed luetic aortitis 
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Table 2.— Analysis op Data op 15 Aetopsied Cases in Which Lead IV Was 

Questionably Positive. 


Loca- 

tion. 

Infarc- 

tion. 

Name. 

Age. 

Sex. 

Clinical diagnosis. 

CJonventional leads. 

Autopsy findings. 


Present 

F. N. 

59 

M 

1 Cor. thromb. 

DIVC; delayed A-V 

1 Recent ant. and healed post. 

>< 





conduction 

infarct. 

9* 


J. S. 

1 62 

M 

Cor. art. dis. 

Low EMF; DIVC 

1 Oeelus. left and right cor. arts.j 


1 




diffuse endocard. fibrosis. 

(S 

C3 


E.M. 

61 

F 

Cor, thromb. 

LVP 

Old apical infarct; pul. embol. 

cn ! 

Absent 

L.M. 

,58 

F 

Bronchopneu. 

Delayed A-V oonduo 

Bronohopneu. 

^ 1 


A. E. 

71 

F 

Rheum, ht. dis. 

LVP 

Bronchopneu.; pni. infarcts; 








mitral, aortic and tricuspid dis. 


Present 

G.S. 

G5 

M 

Cor. art. dis. 

LVP; low EMF 

Recent post, and healed ant. 







infarcts.* 



C, M. 

58 i 

M 

Bronobopneu. 

LVP 

Occlusion descen^ng branch left 
cor., no infarction; bronohopn. 
Recent infarct left margin heart. 



D.T. 

78 

F 

Cerebral embolism 

AF 

o 


O.J. 

74 

M 

Angina pectoris 

RVP 

Old apical infarct. 

a 

Absent 

M. G. 

79 

F 

Bronchopneu. 

Comp. ht. bl.; DIVC 

•Bronchopneu. 



E. E. 

33 

F 

Rheum, ht. dis. 

AF: VPB 

Mitral stenosis. 



J.E. 

59 

M 

Polvcvthemia 

LVP 

Cerebr. thromb.; bronchopneu. 



L. L. 

m 

m 

Uremia 

Normal curves 

Congen. polycs’atio Jddneys. 


Present 

G.P. 




BBB (right) 

Recent ant. and healed post. 





n 

11 ( 111111^1 

infarct. 

•< o 

Absent 

M.H. 

59 

1 F 

1 

Hypertensive htdis. 

Low EMF 

Death from congestive failure. 


Dive = Defective intraventricular conduction. BBB = Bundle- branch blpck. AFVC = Abnormal 
form of ventricular complex. • = Fatal infarct may have occurred after EKG’e were taken. RVP = 
Ripht ventricular preponderance. LVP = Lett ventricular preponderance. AF = Auricular fibrillation. 
VPB = Ventricular premature beat. 


Table 3.— Analysis op Data op 14 Autopsied Cases in Which Lead IV Was 

Abnormal or Normal. 


Infarction. 

Name. 

Age.j Sex. 

Clinical diagnosis. | 

Conventional leads. 

Autopsy findings. 

Absent . . . 1 

E.J. 

5^ 

M 

Uremia 

1 Ti.j.j inverted 

Chr. nephritis; bronchopneu. 


E. D. 

59 j 

M 

Bleeding pepticulcer 

[ Ti.j.j inverted 

Death from exsanguination. 

Present . . j 

M.H. 

65 

F 

Cor. thromb. 

AFVC(T,) 

Recent post, infarct. 

Absent . 

J. R. 

38 

M 

Uremia 

AFVC 

Chr. nephr.; terminal pericard. 


D. C. 

27 

M 

Rheumatic ht. dis. 

BBB (right) ; .\F 

Mitral, aortic and tricuspid dis. 


S.K. 

1 

83 1 

1 


Hypertensive ht. dis. 

Low EMF; delayed 
A-V conduction 

Pulmonary embolism. 


C. R. 

53 1 

M| 

Rheumatic ht. dis, | 

AF; LVP 

Bronchopneu.; mitral and aortic 
dis. 

Chr. nephritis; bronchopneu.; 
terminal pericarditis. 


N. A. 

28 

i ^ 

Uremia 

LVP; Ti,i,» inverted 

1 


J. s. 

59 

, 

Caro, of cecum 

Normal cuncs 

Death from e.xsanguination. 


L. P. 

75 

! F 

Lobar pneu. 

LVP 

Lobar pneumoma. 


H. P. 

66 

M 

(Jarc, of bladder 

Auricular flutter 

Care, of bladder; acute fibrinous 
pericarditis. 


1 J. B. 

1 E.C. 

71 

M 

Bronchopneu. 

LIT 

Bilat. confluent bronchopneu. 


33 

F 

Pul. gangrene 

Normal cur\’e3 

Foreign body, r. lower bronchus. 


C. D. 

20 

M 

Chr. nephr.; hyper- 
tensive ht. dis. 1 

LVP 

Chr. nephr.; pul. infarct. 


ivitli marked narrowing of the coronary ostia but there was no 
coronary occlusion or obvious myocardial infarction. Of the 4 
cases in this group only 2 showed “abnormal” conventional leads, 
1 showing defective intraventricular^^conduction and the other 
being the above-mentioned case^l^^l^Bundre branch block. No 
cases were seen in which ^^'^t^Lread^v^s ^positive” and 
parasternal lead “normal.’|7 V 


and the 
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Table 4. — Intekphetation or Lead IV in 44 Autopsied Cases With and AVitii- 


OUT Mtocabdial Ineabction. 





Infarction 

Infarction 

Inlcrprctiition of I.ond IV. 

present. 

not present. 

1. Positive 

. 12 


3 


a. Positive at LSB and apex .... 


0 


2 

h. Positive at LSB only 


3 


1 

c. Positive at apex only 


0 


0 

2. Questionably positive 

. 8 


7 


a. Questionably positive at LSB and apex 


3 


2 

b. Questionably positive LSB only . 


4 


4 

c. Questionabb' positive at apex only 


1 


1 

3. Abnormal .... 

0 


o 


4. Normal . . 

!♦ 


11 


Total 

. 21 


23 


Changes in conventional leads typical of posterior infarction; verified at 

autopsy. 


There Avere 15 cases in Avhich Lead IV Avas regarded as “question- 
ably positiA'e.” SeA’^en slioAA'ed infarction, 1 shoAved coronarj' 
occlusion without infarction, and 7 shoAved no infarction. This 
indicates that in about half the cases such questionable findings 
refleeted the presence of gross disease of the ventricles and in the 
other half tliey did not. It did not matter Avhether these findings 
AA'ere present in the tracings obtained from the apex or left sternal 
border or whether they were accompanied by abnormal or essen- 
tially normal electrocardiograms in the conventional leads. 

Lead IV was “abnormal” in 2 patients. One was a chronic 
nephritic who died in uremia. Autopsy shoAved a bronchopneumonia 
' but no coronary artery disease or myocardial infarction. The other 
patient died of exsanguination from a bleeding peptic ulcer. Here 
again there was no infarction at autopsy. It is obvious therefore 


Legends fob Figubes 1, 2 and 3. 

Fig. 1. — Conventional three leads and fourth lead from the left sternal border and 
apex. A, Lead lA'’ normal and autopsy showed a normal heart in a case dying of 
carcinoma of the cecum. 3, Lead IV shows absent Q-waves in both positions diag- 
nostic of an anterior infarction confirmed at autopsy. Conventional leads not 
distinctive. C, Lead FV shows absent Q-wavcs in both positions indicative of 
anterior infarction, confirmed at autopsy. Conventional lends also diagnostic of 
this lesion. D, Lead IV normal. Conventional leads indicative of posterior infarc- 
tion, confirmed at autopsj'. 

Fig. 2. — 3, Conventional leads show bundle branch block. Lead IV shows posi- 
tive T-waves and slight initial 'upward movements of the Q-R-S complex. Autopsy 
showed an enlarged heart but no infarction. Patient died of uremia. F, Lead FV 
shows normal Q-waves but upright T-waves. Autopsy showed a normal heart. 
The patient died of uremia and bronchopneumonia. G, Lead FV shows small 
Q-waves (1.5 mm.A. Autopsy showed recent anterior and old posterior infarction. 
H, Lead lA'^ shows small Q-waves (1 and 2 mm.). Patient had a normal heart and 
died of bronchopneumonia, confirmed at autopsy. 

Fig. 3. — Conventional three leads and fourth leads from the left sternal border 
and apex in 4 ambulatory cases of angina pectoris. J and K show absent Q-waves 
in Lead FV at both positions, whereas the conventional leads are essentially normal. 
L and jAF show absent Q-waves at the left sternal border only, the customary 
three-leads being not remarkable. 
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that an upright T-wave in Lead IV is of no value in the diagnosis of 
myocardial infarction. In fact we have seen a positive Ta occur as 
a transient phenomenon during bronchopneumonia as have others, 
and as a permanent or transient finding under a variety of other 
circumstances such as mitral stenosis, uremia and hyperthyroidism. 



In 12 cases Lead IV was “normal.” In 1 of these changes occurred 
in the conventional leads tj-pical of infarction of the posterior part 
of the heart. This was verified at autopsy. In the other 11 cases 
postmortem studies showed no infarction. 


-Fig. 




iU^ LEVINE, LEVINE; 

In reviewing these postmortem observations, we feel justified in 
concluding that the complete absence of a Q-wave in the apex lead 
invariably means infarction of the anterior portion of the ventricle 


except when bundle branch block or, rarely when certain forms of 
pericarditis are present. 

We have found in a series of 23 cases of bundle branch block that 
the Q-wave was absent in such an overwhelming proportion that 
it seems impossible to apply the same criteria in the diagnosis of 
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myocardial infarction when bundle branch block is present as 
when it is not present. When the Q4 is absent in the lead taken from 
the left sternal border only, the infarction may be either anterior 



or posterior. AWien normal cur\'es are obtained in both applica- 
tions in Lead IV infarction will not be present in the anterior but 
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may be present in the posterior part of the ventricle. When Q-ivaves 
of very small amplitude are found (2 mm. or less) there is an even 
chance that infarction vill or will not be present. The finding of 
the presence of upright ? -waves is of no help in the diagnosis of myo- 
cardial infarction. It is appreciated that this postmortem experi- 
ence needs to be amplified considerably to ascertain further qualifica- 
tions or limitations to these general views. 

Observations on Lead IV in Angina Pectoris. Electrocardiographic 
observations were made on 100 conseaitive ambulatory cases of 
angina pectoris. The customary three leads were obtained and in 
addition fourth leads both from the region of the apex and the fourth 
left parasternal space. All cases of Icnown coronary' thrombosis 
were excluded. The cases were selected only insofar as the diagnosis 
of angina pectoris was quite definite and the ordinary clinical his- 
tory failed to reveal evidence of a previous attack of coronary 
thrombosis. In other words they correspond to the average case 
of angina that is ambulatory and has not had a severe major coronarj- • 
attack. The same criteria as those mentioned above have been used 
for evaluating the electrocardiograms. In somewhat similar studies, 
but in which no sharp distinction was made between angina with 
and without coronarj’^ occlusion, Goldbloom” and Battro, and 
Garcia del Rio*® found many instances in which Lead IV was ab- 
normal. Their criteria for abnormality include the presence of 
an upright This was shown above to be insufficient evidence 
of myocardial infarction. 

In our 100 cases there were 44 in which the conventional three 
leads were regarded as essentially normal and Lead IV was also 
normal. There were 13 in which the conventional leads were “ab- 
normal” and Lead IV was essentially normal. Most of these showed 
ventricular complexes in Leads II and III indicative of a lesion 
in the posterior part of the ventricle and therefore would not h.ave 
been expected to display significant abnormalities in Lead IV. 
There-were 9 cases, however, in which the conventional leads were 
“abnormal” in 5 of which Lead IV was “positive” and in 4 question- 
ably so. The most important group in this part of the study com- 
prised 11 cases in which the conventional leads were normal and 
Lead IV was “positive.” Of these 11 cases, the positive findings 
were obtained at both the apex and left sternal border in 4 instances, 
at the left sternal border only in 6 and at the apex only in one. It 
follows therefore that 11% of the cases with angina peetoris showed 
positive evidence of myocardial infarction in Lead IV when similar 
e\’idence could not have been found in the routine 3 leads and in the 
ordinary clinical history. 

Fourteen of these lOQ cases showed changes in Lead IV that were 
regarded as “questionably positive” while the customary 3 leads 
were essentially normal. In 3 of these the abnormalities were found 
in both chest positions (Ap andiLSB) ; in 9 at the LSB only and in 
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2 at the apex only. Inasmuch as it has been shown above that 
such questionable findings indicate myocardial infarction in about 
half of the cases, it can be inferred that in some of these 14 cases 
gross heart muscle scarring must have occurred. 

Finally there were 9 instances with so-called “abnormal” Lead 
IV. This consists of an upright Ta. In 7 the customary 3 leads 
were normal and in 2 they were "abnormal.” In view of the con- 
clusion arrived at above that the isolated finding of an upright Ti 
is not diagnostic of myocardial infarction this group cannot be 
regarded as valuable for the purpose of this study. 

It is quite evident that electrocardiographic abnormalities in the 
ventricular complex, particularly the changes discussed in this 
paper, are the result of alterations in the heart muscle rather than in 
the coronary arteries. A narrowed or occluded coronary artery 
could only produce abnormalities in the electrocardiogram insofar 
as the structure or function of the heart muscle became impaired. 
For this reason myocardial infarction might be expected to show 
abnormal electrocardiograms. Here, however, in 100 cases of 
angina pectoris in which there is no evidence from the clinical history 
of any previous acute major episode that might have produced an 
infarct of the heart, there were 16 instances in which Lead IV gave 
definite evidence and 18 questionable evidence of myocardial infarc- 
tion. In 11 of the former 16 cases the customary 3 leads were 
regarded as essentially normal. Inasmuch as the criteria upon which 
the electrocardiograms were intei-preted have been proved to be 
extremely accurate by the study of the 44 autopsied cases reported 
above, we feel justified in inferring that the angina cases with a 
positive Lead IV have had myocardial infarction. This could be 
explained if we assume that some of the attacks of angina were 
actually instances of acute coronary thrombosis, although clinically 
they were not severe enough to be regarded as such or require the 
patient to go to bed. Another possible explanation is that myo- 
cardial infarction takes place in those suffering from angina pectoris 
as a gradual process without any acute dramatic episode. From 
the pathologic point of view the latter is not uncommon, for infarcts 
of the ventricular musculature are not infrequently seen when on 
ordinary examination the coronary vessels fail to show any throm- 
bosis or occlusion. Finally, since the work of Robb, Easby and 
Hiss' ' it seems verj' likely that many small infarcts of the heart 
muscle occur, capable of producing distinct electrocardiographic 
abnomialities which are the result of the occlusion of finer coronar}' 
arterioles that could easily be overlooked on the ordinary post- 
mortem examination. At any rate there can be no doubt that 
])atients with definite angina pecloris who give none of the customary 
clinical evidence in the past history of an acute coronary throm- 
bosis, frequently manifest electrocardiographic changes which 
serve as indisputable evidence of myocardial infarction and that 
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such evidence may be present in Lead IV and not in tlie ordinary 
3 leads. 

Summary. 1 . Electrocardiographic study rvas made of 44 patients 
who were subsequently examined postmortem. The customary 
3 leads were taken and in addition fourth leads Avith the anterior 
electrode at the fourth left sternal border and at the apex and with 
the indifferent electrode on the left leg. 

2. In 12 instances in which tJie (2-'"'ave was absent in Lead IV 
either at the left sternal border or at the apex, infarction of the 
ventricle was found. Two cases with bundle hrancli block and 1 
of tuberculous pericarditis with absent Q.^ sliowed no infarction. 

3. There Avere 15 cases Avith small Qt (2 mm. or less), about half 
of Avhich had infarction and the other half did not. 

4. Upright jf-AvaA’cs in Lead IV Avcrc found Avhen no infarction 
was present and in fact Avherc there Avas no significant heart disease. 

5. In II cases in AA'Iiich the heart Avas normal and in 1 with pos- 
terior infarction Lead IV aa-rs normal. 

6. EA'idence is presented to shoAv that myocardial infarction is 
not uncommon in angina pectoris Avhen there is no clinical cAudcnce 
of a preAnous coronary thrombosis. Sixteen of 100 cases shoAved 
an absent Qi and in 11 of these the customary 3 leads were essen- 
tially normal. 

7. Apart from the changes in Lead IV Avhich occur during the 
acute phases of coronary thrombosis, Ave believe that the absence 
of (^4 is A'ery lielpful in the diagnosis of a prcA'ious myocardial in- 
farction, except Avhen bundle branch block is present. 

S. Lead IV is indispensable in the proper diagnosis of certain 
cases of heart-muscle disease. 
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MITRAL VALVE DISEASE. 

Pathologic Report. 

By Harold W. Dana, M.D., F.A.C.P., 

PHYSICIAN-IN-CHIEF, FIRST MEDICAL SERVICE, BOSTON CITY HOSPITAL; PROFESSOR OF 
CLINICAL MEDICINE, TUFTS COLLEGE MEDICAL SCHOOL, 

AND 

John A. Reidy, M*D., 

RESIDENT IN PATHOLOGY, BOSTON CITY HOSPITAL, BOSTON, MASS. 

Thirty years ago we were accustomed to think of rheumatic 
endocarditis of the mitral valve in terms of mitral regurgitation 
(insufficiency) or of mitral stenosis. Today, in considerable part 
because of the mass experience with heart disease provided by the 
war, modern cardiology practically ignores organic mitral regurgita- 
tion as a definite disease condition, and accepts all symptoms and 
signs of mitral disease as evidence of mitral stenosis. Cabot^ indeed, 
describing those physical signs which formerly he accepted as proof 
of mitral regurgitation, now designates these same signs as indicat- 
ing an early stage of mitral stenosis. ■« 

Lewis,- who more than any other authority, is responsible for our 
present concept, holds that mitral regurgitation is not physically 
disabling, and that “the presence or absence of systolic murmurs is 
of no value in estimating . . . capacity for work,” while an edi- 
torial writei*^ in answer to a question, states that “mitral regurgita- 
tion is not a clinical or an anatomic entity.” The general \dewpoint 
, in the matter is perhaps expressed in the opinion of a well known 
writer, •• that “it is better to speak generally of mitral involvement, 
the high grades of which always mean mitral stenosis,” and the 
belief of another writer® that “uncomplicated (primary) mitral 
insufficiency should be classed among the comparatively infrequent 
valve lesions.” 



110 


DANA, rkidy: mitrad valve disease 


Is it indeed true that organic mitral regurgitation is uncommon, 
that high grades of mitral disease always mean mitral stenosis, or 
that mitral regurgitation is a minor defect, never causing serious, 
physical disability? AMiile I had never accepted the modern con- 
cept of mitral disease, my interest in attempting to get more informa- 
tion on the subject was stimulated by having the care of a patient 
whose case history and pathologic report are given later— who died 
as the result of an uncomplicated rheumatic endocarditis of the 
mitral valve, with regurgitation and without stenosis. 



Photograph of the heart (Case A-v34-C01). TIio ruler is placed across the mitral 
valve ring and measures 15 cm. in length. 


In making this studj’’, it was first necessary to obtain standards 
of normal valve measurements. For this purpose the protocols of 
300 normal and pathologic hearts, weighing from 160 to 900 gm. 
were examined, and 100 hearts weighing from 190 to 690 gm. were 
averaged as to valve measures. 


Average for above 100 hearts 

Tricuspid 

valve. 

11.87 era. 

Pulmonic 

vulvc. 

7.40 cm. 

Mitral 

valve. 

9.29 cm. 

Aortic 

valve. 

7.15 cm. 

Average of 67 hearts in which' 
the ratio of valve measures 
was acceptable 

11.77 cm. 

7.35 cm. 

9.40 cm. 

7.01 cm. 

Ratios of valve circumfer- 
ence to that of aortic valve 

1 ?• 

A 3 


15 

1.0 
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It seemed that the upper and lower acceptable limits for the four 
valves were; 

Tricuspid valve 13.0 to 10.0 cm. 

Pulmonic valve 8.0 to 6.0 cm. 

Mitral valve ... 11.0 to 8.0 cm. 

' Aortic valve 8 . 0 to 6 . 0 cm. 

Norris® is quoted as 'giving the average measure of the mitral 
valve at 11.037 cm. in men and 9.268 cm. in women. On the other 
hand, Herrmann^ states that the normal mitral ring measures 10 cm., 
the tricuspid 12 cm., and that as long as the circumference of the 
mitral valve is not less than 7.5 cm. with an area of not less than 
450 sq. mm., or the tricuspid is not less than 8 cm. in circumference 
in any part with an area for the orifice of 500 sq. mm. or more in an 
adult, there is practically no significant obstruction. 

So far as the mitral valve is concerned, the observation of Herr- 
mann corresponds with my experience that a valve 7.5 cm. in cir- 
cumference may not be stenosed. The observation as to the tri- 
cuspid valve in Herrmann’s report cannot be confirmed or refuted 
by the small number of measures that I collected, since tricuspid 
stenosis is uncommon in adults. In any event, such standards are 
subject to the personal bias of the observer and to his acceptance 
or rejection arbitrarily, for inclusion in his averages, of examples 
larger or smaller than ordinary; since in the ayerages collected by 
me, no tricuspid measures larger than 14.4 nor smaller than 10 cm., 
and no mitral measures above 11 nor below 7.5 cm. were included, 
obviously the result was “weighted” to this extent from the start. 

It may be argued* that the proposition here presented concerns 
merely the stretching of the mitral ring— in other words a relative 
mitral regurgitation. To this extent, I am quite ready to agree 
with this argument: I am inclined to believe that most patients 
who die of uncomplicated organic mitral regurgitation have before 
death a dilatation of the mitral ring, just as they may also have a 
dilatation of the tricuspid ring. 

The mere fact that, as the result of the final brealdng down of the 
cardiac reserve, dilatation of a valve ring may occur, cannot explain 
away an actual chronic inflammation of the valve present at autopsy; 
indeed, the stretching of diseased mitral valve segments and ring, 
in a patient whose rheumatic history goes back many years and who 
is known to have had heart disease for many years, would seem to 
be proof that there was no vestige of stenosis present, and that mitral 
disease of very long standing does not necessarily produce stenosis 
of the valve. 

Every single case record included in this series showed at autop.sy 
definite evidence of a clxronic inflammatory non-atheromatous pro- 
cess, which had deformed the mitral leaflets to a greater or less 
extent, and in which a pathologic diagnosis of chronic endocarditis 
had been made. 
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■To many pathologists, a cicatrized mitral ring, or a “fish-mouth” 
or “button-hole” mitral orifice, while representing a very high 
grade of stenosis, also indicates a definite insufficiency of the valve, 
in that such a valve is considered incapable of com]dcte closure. 
That curling or narrowing of the valve segments, shortening or 
thickening of the chorda; tendincic arc all evidence in varying 
degrees of insufficiency of the mitral valve, seems to be universally 
accepted. In this analysis of cases of mitral endocarditis, the above 
criteria have been followed. 

The valve measurements in the protocols studied, were made 
with a flexible celluloid ruler; in general these measures indicate 
the size of the valve ring, but where the valve orifice is smaller than 
the ring, the size of the opening is indicatctl either by figures or by 
finger measurements. Where two measures are given, I have used 
the smaller— which is to say the size of the valve orifice— in the 
classification of cases. 

Except for the valve measures cited b\' Tice and Herrmann 
already mentioned, I know of no book on anatomy, pathology, or 
heart disease that gives any indication as to the normal or abnormal 
valve measures. Apparently each pathologist makes his own diag- 
nosis as to the presence or absence of stenosis, without any hard 
and fast rule, or else he goes out and makes his own set of standards, 
as was done here. 

Of 150 cases of mitral endocarditis, there were in all only 11 
cases here listed as without stenosis, in which the pathologist 
noted as his opinion that there was stenosis. 

One interesting point brought out in the study of the size of tlie 
mitral valve, and which would seem to be contrary to the observa- 
tion of Norris, was that the mitral valve averages showed relatively 
little variation for hearts of different sizes. One heart, not included 
in the total of 100, of 160 gm., in a young woman, had a measure 
of 8 cm.; 11 hearts of 190 to 245 gm. averaged S.52 cm. Leaving 
these out of consideration, in the 89 hearts ranging from 250 to 
690 gm. weight, the average for the smallest group showed mitral 
valves of 9.22 cm. and for the largest group 9.61 cm., with two 
groups, intermediate in weight, each averaging 9.73 cm. 

In the following analysis of cases of mitral endocarditis, the cases 
were divided into those with a mitral valve measuring 8 cm. or 
more, and those measuring less than 8 cm. Each of these groups 
Avas again subdivided. Those cases AA’here the mitral measure 
Avas less than 8 cm., could be classed as either mitral stenosis, or 
as mitral stenosis and regurgitation; those cases shoAving a circum- 
ference of 8 cm. or more at the mitral A^alve Avere further grouped 
as mitral endocarditis Avithout stenosis or as mitral regurgitation. 
While these groupings were largely based upon the pathologic find- 
ings in regard to the mitral AmNes the chordie tendineie and the 
papillary muscles, some AA'eight was gNen to the relatWe size of 
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tlie ventricles and to the electrocardiogram reports when available. 
Since many of these patients entered the hospital moribund or with 
a terminal condition other than of cardiac origin, electrocardiograph 
studies were made only upon about one-third of the patients. 
Quite naturally, mitral lesions were often only a part of the ca,rdiac 
pathology in many cases, so that help in the analysis of a particular 
case which might have been furnished by the electrocardiogram 
was often cancelled by a lesion of some other valve or by a peri- 
carditis. 

l^diile it is relatively easy, in cases of mitral endocarditis without 
stenosis to recognize the presence of pure mitral regurgitation, the 
differentiation of pure mitral stenosis from cases also showing regur- 
gitation is almost impossible pathologically. Self-evidently, mitral 
stenosis is readily excluded in a valve measuring 10 to 15 cm., but 
to say whether a valve of 3 to 6 cm. is or is not competent, is diffi- 
cult to determine by the pathologic methods commonly in use,- 
although the article in Oxford Medicine previously’- referred to, 
describes a method of opening the heart from above, whereby the 
physiologic competence of the valves may be demonstrated. Per- 
haps the use of such a procedure in a large number of autopsies 
would increase our knowledge, ^^diite,® referring to “pure” mitral 
stenosis, speaks of it as possible “when the valve cusps are fused, 
giving rise to a mitral stenosis without sufficient fibrosis or thicken- 
ing of the cusp extremities or shortening of the chordae tendineae to 
allow regurgitation.” 

While there seems to be no certainty of identification of cases of 
pure mitral stenosis, I have arbitrarily so listed 11 cases showing 
a high-grade stenosis without marked cardiac enlargement. 

In all, 150 cases showing endocarditis of the mitral valve at 
autopsy were studied in this series; 76 of these mitral valves were 
not stenosed, while 74 mitral valves showed stenosis with or without 
regurgitation; 35 cases were to be classed apparently as mitral 
regurgitation. Contrary to the standard for mitral stenosis pre- 
viously stated, I have included with those showing no stenosis, 
3 hearts in which the mitral measures were 7.5, 7.7, and 7.8 cm. 
In none of these 3 did the pathologist note stenosis, 2 of the patients 
were under 14 years, and each of these hearts had all of the valves 
small and in normal ratio. 

Table 1 shows the numbers in each classification, the murmurs 
found, and the electrocardiogram reports. Although the murmurs 
give little direct information, one may speculate in regard to them 
as follows: (1) that in some cases, the presystolic murmur found alone 
maj^ have actually been systolic in time; (2) that doubtless a thick 
edged valve, even if not stenosed, might cause vibrations in diastole 
resulting in a murmur, and that a diastolic murmur may also occur 
where the ring is stretched above a mitral valve of normal size; (3) 
that where there is a calcified ring and.only a systolic murmur, there 
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Table 1. — Data in 150 Cases With Valvblae Detects. 
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is probably a constant flow of blood from the auricle into the ven- 
tricle, the absence of a diastolic murmur tending to indicate an 
absence of obstruction. It is worthy of note that in almost one-half 
of the cases in which any murmur at all was heard, the only murmur 
present was systolic. 


Table 2.- 

-Clinical Diagnosis. 


Mitral stenosis and regurgitation . 

39 

Syphilitic heart disease 

. . 1 

Mitral stenosis 

25 

Cardiac hyportrophj' . 

. . 1 

Rheumatic heart disease 

22 

Acute dilatation of heart . 

. . 1 

Arteriosclerotic heart disease 

10 

Coronary disease 

. . 1 

Chronic myocarditis .... 

9 

Portal cirrhosis .... 

. . 1 

Auricular fibrillation .... 

7 

Cerebral hemorrhage 

. . 1 

Hypertensive heart disease 

7 

Carcinomatosis .... 

2 

Mitral regurgitation .... 

4 

Hyperthyroidism 

! 1 

Cardiac decompensation 

4 

Chronic cholecj'stitis 

. . 1 

Acute endocarditis 

2 

General peritonitis . . ' . 

. . 1 

Aortic regurgitation .... 

1 

Pulmonary tuberculosis 

. . 1 

Aortic stenosis and regurgitation . 

1 

Fracture of skull 

Total cases . . •. 

. . 1 

. . 150 


From the purely pathologic aspect, then, we can say that about 
one-half of all cases of mitral valve disease show no stenosis of the 
valve, while actual insufflciency of the mitral is present in between 
one-quarter and one-half;®. that mitral stenosis either does not exist 
by itself or, if it does, that there is no certainty of its recognition. 
What, then, about the clinical side of the picture? Are all high 
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grades of “mitral involvement” alwaj^'s stenotic, as stated by one 
of the authorities quoted? By no means. Among mitral endocar- 
ditis cases without other valve involvement or pericarditis, there 
are as many very large hearts to be found without stenosis or with 
regurgitation alone at the mitral valve, as there are very large 
hearts with a high-grade stenosis. In fact, all the e^ddence seems 
to indicate that mitral stenosis by itself is not a cause of much 
cardiac hypertrophy. From the physiologic point of view, it is 
difficult to see how uncomplicated mitral stenosis can cause hyper- 
trophy of the left ventricle— often the left ventricle is atrophied in 
such cases— and without left ventricular hjqiertrophy the heart 
does not tend to be very large. 

Can uncomplicated mitral endocarditis without stenosis ever 
be, of itself, a cause of death? In spite of modern cardiology, it 
would seem so. In this series of 150 cases, there were 32 cases of 
mitral valve endocarditis without stenosis, uncomplicated by lesions 
of other valves or by pericarditis. For 25 of these deaths, acute or 
chronic diseases other than chronic mitral endocarditis could be 
blamed in part or entirely. Of the remaining 7 cases, 1— that of 
a woman of 65 with possible arteriosclerotic heart disease— may 
be omitted as doubtful, although the mitral valve was incompetent, 
the wall of the left ventricle was 2.2 cm. in thickness, and I believe 
that she died of mitral regurgitation. The other 6 patients, all with 
histories of old rheumatic heart disease, and the oldest of them only 
50 years, would seem to have died of no cause other than secondary 
to a pure mitral regurgitation. 

In regard to this, it is interesting to note that experimental 
physiology does not seem to agree with modern cardiology in com- 
paring the relative importance of stenosis and regurgitation at the 
mitral valve. I quote from Oxford Medicine:^'* “Quite contrary 
to our traditional clinical conceptions, mitral stenosis in artificial 
circulation schemata and that produced experimentally, seems 
to add a load that is more easily borne, even with very high-grade 
lesions, than is the burden of mitral insufficiency.” 

It would seem that we are now placing too much emphasis on the 
importance of a narrowing of the mitral ring, too little on the role 
that insufficiency of the valve plays, in mitral endocarditis. 

Case ffistory. J. H. P., aged 50, married, traveling salesman, under 
observation in hospital 9 weeks. Had been in good Health until 21 years 
ago, when a life insurance examination showed “ some sort of heart trouble” 
due, he was told, to acute rheumatic fever which he had when 15. Worked 
until 3 years ago, when he began to have attacks of dyspnea, chest pain 
and edema of ankles; was then in hospital for the first time, staying 5 
■^6ela._ Has been using digitalis at times. Complaint now as in previous 
admission, vdth addition of “pounding of the heart” and oliguria. 

Physical Examination. Orthopnea marked. Heaving of entire precor- 
dium. Heart action irregular. Lungs reported as. negative. Heart: Im- 
pulse _hea^nng and tumultuous, maximum in 6th left space, with occasional 
s 3 ’'stolic tlirill at apex, Loud systolic murmur at apex, largety replacing 
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first sound, transmitted all over precordium to axilla and to back. Variable 
pulse deficit. Abdomen negative. Liver not enlarged or tender. No edema 
of extremities. Blood pressure 120/95. On admission, Roentgen ray 
showed a rheumatic deformity of heart vith enlargement both to the right 
and to the left and congestive changes of both lung fields. Later fluoroscopy 
noted a marked posterior bulging of the heart, especially of right auricle. 
Urine on admission showed an apparent acute nephritis which cleared up. 
Later blood pressures 155/90; 155/95; 130/70; 145/100; 140/80. Mosenthal 
and blood examination negative; non-protein nitrogen at first high, then 
normal. Electrocardiogram showed slight left predominance, aurieular 
fibrillation, and, in the three positions, a well marked change of axis of the 
heart of -1-24 degrees. 

One week before death, sj'stolic expansile pulsation of the liver was noted, 
without positive venous pulse or separate murmur in tricuspid area. At 
all times there was a loud systolic murmur and at no time was a murmur 
heard in diastole. After early improvement, patient failed and died on the 
64th day. 

Pathologic Report. At autopsj^ (Dr. J. A. Reidj"^, 51 hours after death) 
the patient showed moderate edema of both legs to the knees and a small 
amount of clear fluid in cither chest ca-\aty. 

The heart is moderately hyjjertrophied and markedly dilated, and weighs 
700 gm. The measurements were as follows: tricuspid valve 15 cm.; 
pulmonic valve 9.4 cm.; mitral valve 16 cm.; aortic valve 7.6 cm.; wall 
of left ventricle 2.4 cm.; wall of right ventricle 1 cm. The hypertrophy 
is most marked in the right ventricle, the wall of which is 1 cm. thick. 
Both auricles are dilated, especially the left, which contains 500 cc. of 
clotted blood with no e^’idence of antemortem mural thrombosis. The 
auricular endocardium is generally thickened and wliitish Mnth a small 
corrugated area above the posterior leaf of the mitral valve. The tricuspid, 
pulmonarj’- and aortic valves are grossly negative. The mitral orifice 
readily admits four fingers and, on opening, the leaves, espeeiaUy the pos- 
terior, are found markedly thickened, rolled and shortened, but not in the 
least inter-adherent, so that no stenosis is produced. The chordre tendinea) 
are thickened and slightly shortened. The coronaries arise anomalous^ 
from a single aortic sinus, and present many small mtimal atheromatous 
patches. The foramen ovale is closed. 

The lungs present marked clironic passive congestion with a few ante- 
mortem thrombi in veins of the right upper lobe, and a terminal broncho- 
pneumonia. The branches of the puhnonaiy artery are uniformly thickened 
and show scattered atheromatous patches. 

The remaining ^^scera show only the changes of marked chronic passive 
congestion save the right kidney, which contains a small, fairly recent 
cortical infarct 1 cm. in diameter. No apparent source of embolus causing 
this infarct is apparent. 

jiCcroscopicahy the heart muscle shows .slight IjTOphocytic infiltration 
and a few small areas of scarring, but no Aschoff bodies or other e\ddence of 
an active myocarditis. 

Summary. 1. One-half of all cases of rheumatic endocarditis of 
the mitral valve show no stenosis of this valve at autopsy, even in 
cases known to have been of many years’ duration. 

2. Pure mitral stenosis is rarely found at autopsy, it cannot be 
recognized with certainty even when present, and modern physio- 
logic study would seem to suggest that the clinical importance, of 
mitral stenosis is at present too much emphasized. 



BERLINER: EFFECT OF CALCITJM 


117 


3. Pure mitral regurgitation is not uncommon, occurring in 
one-fiftli to one-half of all cases of rheumatic endocarditis of this 
valve; it can of itself cause death, and it is believed that regurgitation 
is entitled to a more prominent place than it now holds in the study 
of mitral disease. 

4. Clinical and pathologic analj>-ses were made of 150 cases of 
mitral endocarditis, after a preliminary study of about 300 hearts 
to establish standards for comparison. 

5. One clinical case history, with autopsy findings, is presented. 

I 'wisL to express my indebtedness to Dr. Frederic Parker, Jr., and to Dr. George 
K. Mallory for much help and encouragement, as well as to Dr. James H. Peers and 
to Dr. Louis F. Curran. 
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THE EFFECT OF CALCIUM INJECTIONS ON THE HUMAN HEART. 

By Kurt Berliner, M.D., 

YORK CITY. 


(From the Cardiographic Laboratory of Mount Sinai Hospital.) 


The effect of calcium on the animal heart has been established 
beyond doubt by numerous physiologic and pharmacologic experi- 
ments. Observations on humans, however, have so far given, scanty 
evidence of any such effect. In a recent paper, have presented a 
critical review of the literature on that subject. Clinical reports 
dealing with oral calcium administration are not at all reliable. 
Observations on the cardiac effect of intravenous injections of cal- 
cium are more convincing, yet lack graphic proof. To furnish such 
proof is the object of the present study. 

Method. Twenty-six adult indhdduals, 21 males and 5 females, were 
available for this investigation. All were apparentlj’- free from cardio- 
vascular disease. The three standard leads of the electrocardiogram were 
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taken first. Lead II was then taken again, and, with the patient remaining 
in the electrocardiographic circuit, 10 cc. of a 20% solution of calcium 
gluconate* were injected into the left cubital vein. The average duration 
of each injection was 15 seconds. Such rajjidity of injection was found 
necessary for maximal electrocardiographic effect. The electrocardio- 
graphic records were taken continuous!}' before, during, and for several 
minutes after the injection. The duration of the injection was marked on 
each tracing. 

To eliminate factors other than the calcium salt as the possible causes of 
the electrocardiographic changes found ii'i'tlris'work, 18 indi^'iduals free 
from cardiovascular disease were selected as controls. The same technique 
was employed, only,, instead of calcium gluconate, 10 cc. of physiologic 
sodium chlorid solution were injected. Electrocardiographic records were 
also taken before, during, and after these injections. 

Results. The effects of the calcium injection on tlie configuration 
of the waves of the electrocardiogram are best illustrated by a t}’T)ical 
case (Case 16). Here the injection itself consumes 12 seconds. 
-PcrnF^conds later, a progressh'c change in the T waves appears. 
They become flatter and flatter, and, 10 seconds after the termina- 
tion of the injection, they are partly inverted in a few beats. Until 
25 seconds after the end of the injection, the 'T waves remain flat. 
Then their height begins to increase, and, 50 seconds after the ter- 
mination of the injection, they have practically reached their 
initial height of 3 millivolts and their original configuration. For 
about 25 seconds, no further change in the form of the waves pre- 
- sents itself. In the meantime, however, marked bradycardia has 
made its appearance. It will be discussed later. Simultaneously 
with it, a new change in the form of the electrocardiogram appears. 
This time, the P waves diminish in height; 75 seconds after the 
termination of the injection, they are partially inverted in two 
cardiac cycles. For about 20 seconds, they remain flat, then they 
very slowly regain their original height and contour. 

At no time during the whole experiment do we note any change 
whatsoever in the form and duration of the Q-R-S complexes or in 
the duration of the P~R interval. 

The changes just described represent the effect of the calcium 
injection on the form of the electrocardiogram in the tj'pical case. 
In some instances, the changes were less marked, espeeially -when 
the injection had been given more slowly. In other cases, however, 
there was frank inversion of the T and P ^yaves. Figure 1 shows 
3 examples of such changes. 

Besides, the calcium injections had a remarkable effect upon the 
heart rate. They produced bradycardia. If we return to the typical 
case discussed before, we find a heart rate of 83 before the injection, 
while the standard leads are being taken. During the injection 
the rate rises, and immediately after, it is 100. We must bear in 
mind that the patient has just had an intravenous injection, with 

* I am indebted to the Sandoz Company for suppb'ing the ampuls of caleium 
gluconate used in this study. 



Fig. 1. Three examples of electrocardiographic changes produced by calcium injections. 

. before injection. B, 27 seconds after termination of injection. Note bradycardia and 

inversion of T waves. 

Case 2.~A, before injection. B, 16 seconds after termination of injection. Note tachycardia and 
naranmg of T waves. C, 63 seconds after termination of injection; note inversion of P wave. 

Case 3. A, before injection. B, 25 seconds after termination of injection. Note flattening of 
T waves. 
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the anxiety which frequently accompanies such an experience. After 
■ the injection is completed, the heart rate at first rises still further. 
Twelve seconds later, at about the same time that the patient has 
a strong sensation of heat pervading his whole body, the heart 
rate reaches a maximum of 115 beats per minute. This tachycardia* 
lasts for 16 seconds, then the heart begins to slow down. One min- 
ute after the termination of the injection, it has fallen to 57. Soon 
after that, it reaches the record low of 51. Bradycardia then per- 
sists, lasting longer than the patient can be kept under continuous 
electrocardiographic observation. (According to Billigheimer”, it 
lasts about 30 minutes.) 

Bradycardia as well as changes in the P and T waves are the 
principal effects of calcium in the typical case. Tables 1 and 2 
summarize the frequency of each of these three effects. The tables 
show the T wave change to be the most constant of the three. It 
appears in 92% of the cases. Bradj^cardia is next in frequency, 
with 67 %. P wave changes are the least constant, being present 
only in 54% of the cases. 

Beside these three principal signs, a number of other interesting 
phenomena were occasionally observed : 

Table 1. — Effect of Calcium Injection on P and T "Waves — 26 Cases. 



Cases. 

%. 

T wave changes; 

T waves flattened 

.... 18 

69 

T waves semi-inverted .... 

.... 4 

15 

T waves frankly inverted 

■. . . . 2 

8 

No T wave changes 

. ... 2 

8 

P wave changes; 

P waves flattened 

. . . .* 12 

46 

P waves inverted 

. . . . 2 

8 

No P wave changes 

. . . . 12 

46 


Table 2. — Effect of Calcium Injection on Heaht Rate — 24 Cases.* 


Cases. %. 

Bradycardia 16 67 

No change in heart rate 8 33 


* Two cases could not be included in this series as their tracings were not long 
enough to show the full effect of calcium on the heart rate. 


1. Ventricular premature beats were noted in 2 out of -26 cases. 

2. Sinus arrhythmia of varying degree was frequently seen. 
Where sinus arrhythmia was present before, the injection markedly 
intensified it. 

3. Finally, another effect must be recorded, which fortunately 
occurred only in 2 cases: sinus arrest. In 1 case, during the period 
of bradycardia, there was no cardiac contraction for 4 seconds. 
The patient experienced only slight discomfort. In another case, 
however, the heart rate first slowed to 23 beats per minute, then, 

* This tachycardia was not at all a constant finding. It was usually observ^ed in 
nervous, apprehensive indhdduals, and may well be explained as a nen^ous reaction 
to the heat sensation rather than as a direct effect of calcium. 
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40 seconds after the end of the injection, cardiac standstill occurred. 
It was accompanied by a brief attack of syncope which necessitated 
termination of the electrocardiographic observation. No further 
ill effects were noted in this patient. Yet tlie exi)crience was alarm- 
ing enough to limit the choice of cases from then on to rather vigor- 
ous individuals, as both cases of sinus arre.st had been of somewhat 
frail physique. Incidentally, it may be said that without that limi- 
tation the percentage of frank 2' wave inversions probably would 
have been greater. 

The 18 injections of physiologic salt solution, on the other hand, 
yielded entirelj'^ negative results. In none of these controls had 
the injection any effect whatsoever on the heart rate or on the form 
and duration of the electrocardiographic complexes. 

Comment. In this study, for the first time, experimental proof 
has been supplied of the effect of calcium on the normal human 
heart. Calcium has a direct effect upon the myocardium of the 
auricles and ventricles as shown by the changes in the P and T 
waves. This effect upon the myocardium is immediate as proved 
by the early appearance of the T wave changes which are usually 
demonstrable 4 seconds after the termination of the injection. 
There is, besides, an effect upon the nervous control of the heart, 
shown principally by the bradycardia ; but this second effect is not 
as immediate. 

No experiments of this t.'yqoe were ever done on human subjects 
before with the exception of a single case reported by Segall and 
White.^ These authors gave their patient an intra%'enous injection 
of 75 cc. of a 2% solution of calcium chlorid, at the rate of 5 cc. per 
minute. Although marked diuresis resulted, electrocardiograms 
taken just before and 5 minutes after the injection showed no 
difference whatsoever. In the light of my experience, this failure 
is not at all astonishing. By the time these authors took the second 
tracing, the T wave changes, if present at all, had already disap- 
peared ! Yet even if Segall and White had taken continuous records, 
they might not have obtained any electrocardiographic changes 
because they used a weak solution and injected it slowly. To 
obtain effects, I had to use a 20% solution of calcium gluconate 
and had to inject 10 cc. in 15 seconds or less. Half of my failures to 
produce bradycardia or T wave changes were attributable to an 
unusually slow injection, as for instance in 1 case where the injec- 
tion consumed 58 seconds. 

Viewed from the standpoint of the practitioner, these results 
certainly support the often stressed necessity of injecting calcium 
slowly. Intravenous calcium injections, they prove, are quite 
harmless when given very slowly and in proper amounts, j’^et are 
potentially dangerous to the heart when administered rapidly. 

Furthermore, the question of therapeutic application remains 
to be considered. The present study was not devoted to an inves- 



BERLIjSTEE: effect of calcium 


121 


tigation of the therapeutic problem, and only little can be said about 
it at this time. Leaving aside the mild diuretic effect of calcium, 
two possibilities of utilizing the direct cardiac effect seem open. 
First, the effect on the heart rate may be used in the treatment of 
the tachycardias with regular rhythm. Wolff e and Bellett^ were 
the first to employ calcium for that purpose. In 3 cases, they were 
able to terminate attacks of paroxj^smal tachycardia by intra- 
venous injection of calcium gluconate or caleium chlorid. Secondly, 
the synergism of calcium and digitalis, proved by experiments on 
animals, may possibly be utilized in the treatment of congestive 
heart failure. Such treatment was advocated by Billigheimer.^ 
He observed that intravenous injection of a 10% solution of calcium 
chlorid led to bradycardia, which reached 4ts .lowest point within 
2 or 3 minutes, and wliich lasted 25 to 30 minutes. I^^Ien the same 
calcium injection was given to a digitalized patient, however, 
bradycardia lasted from 4 to 5 hours. It remains for future inves- 
tigations to determine whether such combined treatment is of real 
value in the treatment of the failing heart. 

Summary. 1. Intravenous injection of 10 cc. of a. 20% calcium 
gluconate solution produced changes in the electrocardiograms of 
26 normal individuals. 

2. These changes consisted of flattening or inversion of the T 
waves in 92% of the cases, flattening or inversion of the P waves 
in 54%, and a marked bradycardia in 67 %. 

3. Intravenous injection of 10 cc. of physiologic salt solution given 
to 18 normal individuals had no effect whatsoever on the electro- 
cardiograms. 

4. This investigation, for the first time, supplies experimental 
proof of the effect of calcium on the normal human heart. 
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The Principles and Practice of Medicine. Designed for the Use of 
Practitioners and Students of Medicine. Originally witten by the 
Late Sir Williaji Osler, Bt., M.D., F.B.S., formerly Fellow of the 
Eoyal College of Ph 3 'sicians, London; Begins Professor of IMedicine, 
Oxford, etc. 'ISvelfth edition; revision by Thomas McCrae, M.D., 
Fellow of the Eoj'al College of Physicians, London; Professor of hledicine, 
Jefferson Medical College, Pliiladelpliia, etc. Pp. 1196; 22 illustrations 
and 16 charts. New York; D. Appleton-Century Company, Inc., 1935. 
Price, S8.50. 

For almost a half centurj'' this work has been facile princeps among text 
books of medicine, and now its editor who has piloted it through a full 
third of its career has gone to join his beloved Chief! Will another editor 
be found to carry the work on, in the up-to-date manner that its originator 
would have required and j^et preserving the inimitable style of its author 
and not “blown about by every vind of doctrine?” How does this latest 
edition compare with the first in 1892? Though containing 117 more 
pages, a better, thinner leaf makes this book actuallj’- thinner than the 
first edition, while a smaller margin gives two more lines to the page. The 
initial quotations from Hippocrates and Plato remain as old friends. As 
ever, the book starts with Typhoid Fever; the definition and history have 
the familiar ring of student daj'-s; but Mith Etiologj' the changes necessarily 
begin and the Discussion of H and 0 Antigens and "rough” and “smooth” 
cany one far from such older statements ns “It is difficult to differentiate 
the typhoid bacillus from the Bacterium coli.” In the specific infectious 
diseases (only 6 of which were of doubtful nature) the 35 are now increased to 
63, of which 25 are “of doubtful or unknovm etiologjL” The 12 “ Constitu- 
tional Diseases” are now distributed — some merely out of the frying pan 
into the fire — between Diseases of Metabolism and Deficiency Diseases, 
which were not recognized in 1892, and a few to Infection and Diseases of the 
Blood. The arrangement of the Sj^stem Diseases (digestive, respiratory, circu- 
latory, kidneys and nervous system) remains practically unchanged, though 
the content is far different and progress often is shown by simplification. 
The nervous system still occupies almost a fifth of the total space. Perhaps 
the biggest change is in the old Section 7, where 5 diseases of the blood and 
4 of the thyroid gland occupied a modest 33 pages. In this last edition, 
16 diseases of the blood-forming organs and 6 of the spleen (wlfich before 
was not given any independent position) now occupy 42 pages, while the 
glands of internal secretion require another 32 for the most summary 
handling. In the present edition much has been changed from the 11th; 
24 new subjects have been added, 18 “ entirely rewritten ” and 16 or more new 
important forms of treatment outlined. And all this without increase in size ! 

We recommend to our readers an occasional comparison, as indicated 
above, because it not only is a pleasant excursion into tenipits actum but 
also points out the progress that has been made in almost all lines of medi- 
cine. In man 3 ’' of these, not punctuated by dramatic episodes such as 
the discover 3 '’ of insulin or the liver treatment of pernicious anemia, the 
imperceptible nature of the progress often fails to impress us with the 
progress that has been made. 

We greet this friend on its critical 43d birthday (or 11th, if we regard a 
new edition as a Februar 3 '^ 29th birthday) and wish it man 3 ’^ happy returns 
of the day. E. K. 



lACTOBACILLUS ACIDOPHILUS AND ITS THERAPEUTIC APPLICATION 12S 

Medical Tactics and Logistics. By Colonel Gustayus M. Blech, 
Medical Reserve Corps, United States Army, and Colonel Charles 
Lynch, Medical Corps, United States Army, Retired. Pp. 205. Spring- 
field, lU., Charles C Thomas, 1934. Price, S4.00. 

We have here, as indicated by the title, a treatise regarding the movement 
and the supply of the troops of the Medical Department preliminary to 
battle, and the activities of those troops during the engagement. The 
book contains four main sections; (1) Principles of war, vdth emphasis 
on tactics, and the organization and functions of the Medical Seridce at 
the front; (2) a description of the medical service of an infantry regiment, 
and of the medical service of an infantry battalion — at halt, on the march, 
in offensive combat, and in defensive combat; (3) special situations and 
special organizations, such as medical service with cavalry troops, and the 
Red Cross— combined with a review of medical tactics; (4) an appendix, 
covering (a) combat orders illustrated by actual field orders a,nd adminis- 
trative orders, (b) facsimiles of various field medical records, (c) reference 
tables giving marching distances, effective range of weapons, and (d) a 
glossary of military terms. 

The book is an excellent one. The first, third and fourth sections contain 
information generally similar to that given in Army Medical Bulletin No. 14 
and certain later Bulletins, and in the recently published semiofficial 
Military Medical Manual, but they are written with a vigorous style, and 
with a certain amount of new grouping of subject matter, together with 
inclusion of general military principles, that makes the book very instruc- 
tive and interesting. The second section deserves special mention because 
it comprises a series of descriptions, in narrative form, of the service of 
the Medical Detachment of an infantry regiment, in times of bivouac, 
offensive combat and defensive combat. These incidents are excellently 
done, with a good critique in each instance. The characters of Major Sharp 
(the keen regimental surgeon), of Captain Cleaner, the battalion surgeon 
interested in sanitation, of Captain Crown, the dental officer, and of Lieuten- 
ant Sound, who is appropriately expert with a sound, are illustrated by 
their daily .actions as the reader is carried through several days of battle, 
in which_ actual combat oders governing the troop movements give precise 
information. 

A comparison of this book with pre-World War treatises, such as those 
of Munson, and Straub, gives a striking e.xposition of the advance in 
knowledge of the military art, especially regarding the medical service of 
troops jn the field, which has taken place. The authors have learned their 
lesson in definite part by practical experience, and they show a real desire 
to transmit their knowledge to their fellow medical officers. 

W. C. 


Lactobacillus Acidophilus and Its Therapeutic Application. By 
Leo Rettgeb, Ph.D., LL.D., Professor of Bacteriology in Yale Uni- 
versity, Maurice N. Levy, M.D., Practicing Physician, Bridgeport, 
Conn., Louis Weinstein, Ph.D., and Jambs E. Weiss, Ph.D., Research 
Fellows in Yale University. Pp. 203. New Haven: Yale University 
Press, 1935. Price, S2.50. 

authors, in addition to presenting details of their bacteriologic 
methods, outline their experiences with LactobaeiUus acidophilus therapy 
m various intestinal conditions. They report that 31 of 40 cases of simple 
constipation and 13 of 17 patients ndth constipation complicated by biliary 
pTuptoms were definitely benefited. Success roughlj’" paralleled abilit 3 '- to 
have acidophilus organisms persist in large amounts in the patient’s bowel. 

relieve 6 of S cases of “mucous colitis” and 
t of S cases of ulcerative colitis. In these, however, full benefit was obtained 
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only SO long as treatment was continued. IMany of the patients treated 
for constipation were reexamined 11 to 18 months after discontinuing 
treatment. The majority of these had persisting relief and their stools 
contained the bacilli in high concentration. It is unfortunate that the 
patients with ulcerative colitis were not studied in more detail immediately 
before treatment was begun and after relief of sjnnjRoms was obtained. 
The authors seemed quite aware of the lack of diagnostic criteria in manj' 
of their cases with supposed biliarj' disease. The inclusion of such contro- 
versial items as the discussions of the ctiologj' of consti])ation and of 
“mucous colitis” seems unnece.ssary in a work of this pur])ose. These 
defects do not detract from the value of this presentation of accurate studies 
of the results of acidophilus therapy in constipation. One may criticize 
the therapy itself, however, on the grounds that it apparently does not 
treat the cause of constipation and that, even in the hands of a competent 
group, does not seem to give relief in a liigher percentage of cases tlian do 
other forms of treatment. H. T. 

PuERi’ERAL Gynecology. By J. L. Bums, M.D., F.A.C.S., Consultant 
in Obstetrics and Gynecologist, Mt. Sinai Hospital, Cleveland; Member 
of Central Association of Oi)stctricians and Gynecologists. Foreword 
by P. Brooke Bland, M.D., Professor of Obstetrics, Jefferson Medical 
College, Philadelphia. Pp. 199; 81 illustrations and 2 tables. Baltimore: 
William Wood & Co., 1935. Price, S3..50. 

This book is written to advocate the repair of old and recent childbirth 
injuries either immediately, or within a few days, after delivery. Statistics 
are presented to show that in the hands of the author and his staff the 
morbidity and mortality rates are exceedingly low and the final results 
eminently satisfactorjL While immediate repair is the rule, several indi- 
cations are listed for postponement from 1 to 7 days. In a series of _132G 
full-term deliveries, 82.7% were operated upon immediately after parturition 
and 15.6% within 7 days. The author’s account of the ease and safet}" 
with which these radical procedures are e.xecutcd is dangerous teaching, 
and will not meet with the approval of most obstetricians. jNIany of the 
illustrations are semi-diagrammatic and are well done. Those depicting 
the pelvic muscular and fascial layers are particularly clear. The descrip- 
tion of pelvic anatomy and j)h 3 "siolog 3 ' is simple and comiirehensive and 
the chapter on the conduct of deliverj^ contains manj' valuable suggestions. 
For a publication of this type, too much space is devoted to prenatal care 
and obstetric analgesia and anesthesia. The chapters dealing vdth the 
cervix and its repair are well written, although the author would probablj’’ 
see fewer cervical fistula; is less radical immediate postpartum^ repairs were 
done. In the section upon injuries to the urethra and anterior wall, dis- 
cussion of immediate cj^stocele repair contains the following statement; 
“In the hands of a novice, there may be a great loss of time and much 
bleeding may result.” This sentence is characteristic of the manner in 
which the dangers and difficulties of the proposed procedures are minimized 
throughout the book. Too little space is devoted to exact technical descrip- 
tions of the various plastic operations. Such procedures are fraught vuth 
difficulties, yet the reader finds few suggestions for avoiding these pitfalls. 
The sections upon care following deliverj'- and repair, and upon postnatal 
office treatment contain many valuable hints, obriously the product of 
many years of experience. The subject of backache, however, is dismissed 
with one sentence. The last chapters are devoted to consideration of 
morbidity and mortality figures and to the economic aspect of puerperal 
gynecologic operations as advocated by the author. It appears that one 
of consummate technical sldll and unlimited facilities can pursue this plan 
safely, but in the hands of the average obstetrician its hazards far exceed 
its advantages. F. P. 
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The Medical Man and the Witch During the Eenaissance. The 
Hideyo Noguchi Lectures. Third Series, vol. 2 of the Publications of 
the Institute of the History of Medicine, The Johns Hopkins University. 
By Gregory Zilboorg, M.D. Pp. 215; illustrated. Baltimore: The 
Johns Hopkins Press, 1935. Price, $2.50. 

The three lectures that make up this book explore three phases of the 
thesis that witchcraft is “the central problem of occidental psychiatry.” 
As Sigerist points out in the Preface, the history of psychiatry is especially 
difficult to grasp because the mental reactions of the psychopath of former 
times were not, as is often assumed, the same as those of the 'writer’s time. 
The first lecture is on the Malleus Maleficarinn, which as the leading text- 
book of the Inquisition appeared in 19 editions through three centuries. 
Though men have believed in demons since time immemorial, it was not 
until the all-powerful Church came to recognize %vitches as its enemy that 
persecution became ■widespread. The Bull of Innocent VHIj quoted 
at length, in 1484 sent the Inquisitors, Kraemer and Springer; to suppress 
■witchcraft in Germany and they wrote the Malleus to aid them in their 
task. Though one may shudder at the cruelty that sent many a poor 
psychopath to the stake, one should not forget that it was the times and 
not the authors of this book that were out of joint: the mass of intelligent 
opinion strongly upheld their conscientious zeal. The Church, the chief 
supporter of the witchcraft tradition, merely carried on the work, as did 
our own Puritans in Salem and elsewhere. The second of the three parts 
of the Malleus which details man 3 '' “clinical histories” also makes inter- 
esting reading. 

In the second lecture on Medicine and the Witch in the 16th Century are 
set forth the efforts to consider the mentally possessed more rational^” 
even though such clear observers as John Lange, Par6 and Fernel were 
firm believers in the personal participation of the devil in the manifesta- 
tions of insanity. To the -wild inventions of Paracelsus’ De morbis amentium 
and the derision of Rabelais and Montaigne were added the clear obser- 
vation and reasoning of such physicians as Cornelius Agrippa, Vives of 
Valencia, Leidnus Lemnius and Nicolas Lepois — all tending to demonstrate 
that all “demonopathies” were the results of physical causes. 

The third lecture, that occupies a good half of the book, is on that great 
humanitarian, Johann Weyer, the founder of Modern Psychiatry. His 
De praestagiis daemonuni (1563) combats the demonic nature of mental dis- 
ease, at first destructively with theologic and philosophic arguments, then 
constructively ■udth keen psychologic and medical observation. As Weyer 
himself foresaw, his book was placed on the prohibited list and at the time 
opposed by most of his medical confreres. However, to some it appealed 
favorably and in the next century his influence was firmly fixed. We agree 
ndth the lecturer that Weyer’s greatest significance lies in the fact that 
“ he was the first medical man to insist that normal and pathological mental 
processes differ in degree and form but not in substance.” E. K. 


Die Werke des Hippokrates. Herausgegeben von Dr. Med. Richard 
I'LvppERERunter Alitwirkung von Prof. Dr. Georg Stricker, Wurzburg. 
Book 6 (Pp. 84; illustrated; price, Rm. 7.50), Luft, Wasser und Ortslage 
Places); Book 9 (Pp. 95; price, Rm. 7), Die Diat 
(Lebensordnung) in akuten Krankheiten (Diet in Acute Diseases) . Stutt- 
gart: Hippokrates- Verlag, G.M.B.H., 1934. (To be published in 25 
parts costing ca. Rm. 100, card binding.) 

Reg.\rded universallj’^ (except by Haller) as one of the “real” {i. e., gen- 
erallj-^ accepted as m-itten bj"^ Hippocrates himself) works of Hippocrates 
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and also oiir oldest study of the relationship of man to his environment. 
Book 6 on Air, Watcr.s and Places is of iieculiar interest today when this 
point of view is ap;ain receiving close study by medical scienti.sts. The 
tremendously important questions of the elTect of seasons and climates of 
various places, both in producing dilTerent races of men, and in promoting 
various diseases, is still far from sohition; and while, ns usual, one will find 
much that is fantastic in the light of modern knowledge, one will also find 
much sage common sense in this work. Inter nlin, it is recognized that no 
disease is more divine than another: "all are tiie efTect of natural causes.” 
The Editor of this edition makes a strong case for tiie view that tliis work 
with those on Diet and on Winds brings to us a collective presentation from 
the Hippocratic School of general ctiologj' and therapy. The German 
translation, based on the text of the Corpus Mediennim Gracconnn (1927), 
has the philologic support of Franz Lommer and Prof. Behm of Alunich. 
One of the apiiendices gives an interesting discussion of an early manu- 
script on "Winds” (London Papyrus 137, Ebers), discovered in 1891. 

Another of the “real” Hip])ocratic works. Book 9 on Diet in Acute Dis- 
eases, gives in masterly style the regime ff. c., not the complete therapy) 
to be followed in restoring to health the subject of an acute disease. An 
error at the beginning does less harm than at the climax; the diet should 
be rigorous; ptisanes, cither non-filtcred or their essence (filtered and more 
easily digestible) .should not be given in crises; the proper use of wine, 
hydromel, oxjnncl, water and baths is explained; as according to the law 
of habit all change is harmful, the resumption of food after the crisis must 
be done very carefully, the art of medicine should not be explored with 
theories, such as the four humors, but by the observation of how the 
actual patient reacts to disease. The book starts with an attack on the 
Cnidian methods of minute descriptions of symi)toms without interpreta- 
tions 6r applications— one of the few polemics in the riii)pocratic corpus. 
In passing, one cannot but conjecture whether we Americans are not the 
Cnidians of our time, in our great urge for objectivity and frequent timidity 
in advancing hypotheses. The present German translation is based on 
Kiihlewein’s text (Teubner, 1894), with further reference to the Codices 
and with the occasional help of Anton Fingerle. E. K. 


RoNTGENBEFUND UND PATHOI.OGISCH-ANATOMISCHER BeFUND DEI LuNGEN- 
KRANKHEiTEN. By Du. Med. Max VEHsfi, 0 . 6. Professor der allge- 
meinen Pathologic und pathologischen Anatomic; Direktor des patho- 
logischen Institute der Universitat Marburg. Versuch einer kritischen 
Vergleichung. Volume I, text, pp. 93; Volume II, Atlas, 144 illustrations. 
Berlin: Otto Eisner Verlagsgesellschaft m. b. H., 1935. Price: Rm. 18. 
This interesting work comprises 2 volumes, brief and easily read. The 
finst volume summarizes 54 cases of pulmonary disease including atelec- 
tasis, infarction, pneumonia, tuberculosis, bronchiectasis and lung tumors. 
For each case there is a short account of the history, Roentgen ray picture 
during life, Roentgen ray picture of the inflated lungs after death and the 
autopsy findings. The second volume consists of 144 plates of Roentgen 
films and postmortem specimens illustrating these cases. 

The author attempts to answer the question, “To what extent does the 
•T-ray identify structural changes in the lungs?” and its 'converse, “How 
do the structural changes in the lungs, as found at autopsy, appear on 
a;-ray examination?” The relationship of roentgenographic signs to post- 
mortem pathology is clearly presented, chiefly through the medium of the 
reaUy excellent illustrations. To the roentgenologist, this book is of 
undoubted value for reference and to others it is a simple guide to the 
interpretation of the chest Roentgen ray. L. L. 
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Die StQrukgbn des Lichtreplexes deb Pupille bei den luetischen 
Erkrankungen des Zbntralnervensystems. Beitrage zur Friih- 
diagnostik der Lues nervosa. Dr. Med. Otto Lovtinstein, seither 
ordentl. Prof, und Direktor des pathopsychologischen Instituts der 
Universitat Bonn, etc. Pp. 92, 31 illustrations. Basel: Benno Schwabe 
& Co., 1935. Price, Fr. 5. 

The author photographs the direct and consensual reflexes of the pupil 
on moving picture film and, by projecting the finished picture on a suitable 
screen, is able to measure the details of the reactions and their time rela- 
tions. He claims to be able, by this method, to detect disturbances in the 
pupillary reactions in syphilis much earlier in the disease. The methods 
employed, even though simplified from his earlier apparatus, are hardly 
applicable for clinical use, and the classification of various pupillary dis- 
turbances is complex. ' F. A. 


The Treatment of Diabetes Mbllitus. By Elliott P. Joslin, M.D. 
(Harvard), M.A. (Yale), Medical Director, George F. Baker Clinic, 
New England Deaconess Hospital; Clinical Professor of Medicine, Har- 
vard Medical School; Consulting Physician, Boston City Hospital. With 
the cooperation of Howard F. Root, M.D., Priscilla White, M.D., 
and Alexander Marble, M.D. Pp. 620; 7 illustrations and 144 tables. 
Fifth edition, revised and rewritten. Philadelphia; Lea&Febiger, 1935. 
Price, $6.00. 

The medical profession will welcome the new fifth edition of this well- 
known book. The author’s practical experience extending over 37 years 
and mth^ some 13,000 cases, and his consummate skill in presenting his 
material in an impressive and interesting way, make this book not only 
the standard work on diabetes but also one of the outstanding medical 
texts in the English language. R. K. 


NEW BOOKS. 

The Auionomic Nervous System. _ Anatomy, Physiology, and Surgical 
Treatment. By James C. White, M.D., Assistant Professor and 
Tutor in Surgery, Harvard Medical School; Assistant Visiting Surgeon, 
Massachusetts General Hospital, Boston. Pp. 386; 96 illustrations. 
New York: The Macmillan Company, 1935. Price, $7.00. 

The Range of Human Capacities. By David Wechsler, Ph.D., Chief 
Psychologist, Psychiatric Division, Bellevue Hospital, New York City. 
Pp. 159; 11 figures and 22 tables. Baltimore; The Williams & Wilkins 
Company, 1935. Price, $2.50. 

Classical Contributions to Obstetrics arid Gynecology. By Herbert Thoms, 
M.p., F.A.C.S., Associate Professor of Obstetrics and Gjmecology, Yale 
University. With a Foreword by Howard A. Kelly, Emeritus Professor 
of Gynecology, Johns Hopkins University. Pp. 265; illustrated. Spring- 
field, 111.; Charles C Thomas, 1935. Price, $4.00. 

The Treatment of Acute Poisoning. By H. L. Marriott, M.D., M.R.C.P., 
Loim., Resident Medical Officer, The Middlesex Hospital, London; 
Assfetant Physician, The Miller General Hospital, GreemHch. Pp. 45; 
15 illustrations. London; John Murray for The Middlesex Hospital 
Press, 1935. Price, 5/-. 

John Whitridge Williams. Academic Aspects and Bibliograph}". By 
J. Morris Slemons. Pp. 109; 1 illustration. Baltimore: The Johns 
Hopkins Press, 1935. Price, $1.50. 

Diet and Die. By Carl Malmberg. Pp. 149. New York: Hillman-Ciirl 
Inc., 1935. Price, $1.50. ’ 
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RnsseU. A. Hibbs. Pioneer in Orthopedic Surgerj', 18G9-1932. By George 
M. Goodwin. Pp. 13G; illustrated. New York: Columbia University 
Press, 1935. Price, 82.00. 

The Obstetric Pelvis. By Heruert Thom.s, M.D., F.A.C.S., Associate 
Professor of Obstetrics and Gynecologj". The School of Medicine, Yale 
University. Pp. 115; 50 illustrations. Baltimore: The AVilliams & 
Wilkins Company, 1935. Price. .82.50. 

Mmi, the U^iknonm. By Ai.exis Carrel. Pp. 346. New York: Harper 
& Bros., 1935. Price, 83.50. 

Obstetrical Practice. By Alfred C. Beck, M.D., Profe.ssor of Obstetrics 
and Gynecologj', Long Island College of IMedicine; Obstetrician and 
Gynecologist-in-Chief, Long Island College Hosiiital, Brookljm. Pp. 
702; 1053 illustrations. Baltimore: The Williams & Wilkins Compan}', 
1935. Price, 87.00. 

The Human Foot. Its Evolution, Phy.siologj’- and Functional Disorders. 
By Dudley C. Morton, Associate Professor of Anatomy, College of 
Physicians and Surgeons, Columbia University. Pp. 244; 100 illustra- 
tions. New York; Columbia University Pre.s.s, 1935. Price, .83.00. 

Die Theorctischcn GrinuUagcn und Mdglichheiten der Runtgcndiagnostischen 
Weichteihmtersvclning. Forty-eighth Supplementarj' Volume of Forts- 
chritte auf dem Gebiete der Rontgcn.strahlen. By Dn. Adolf Zuppinger 
Pp. 99; 46 illustrations. Leipzig; Georg Thiemc, 1935. Priee, Paper, 
Rm. 16; Bound, Rm. IS. 

Prescriptioii Writmg and Fornndary. The Art of Prc.scribing. By Charles 
Solomon, M.D., Assistant Clinical Profe.ssor of Medicine, Long Island 
College of Medicine; Associate Attending Phj'sician and Chief of the 
Medical Clinic, .Tewish Hosiiital of Brooklyn, etc. With a Foreword 
by Lewellys F. Barker, M.D. Pp. 351; 32 illustrations. Philadel- 
phia: J. B. Lippincott Company, 1935. Price, .84.00. 

Libra Jubilar del Profesor Bernardo A. Hoitssay, 1910-1984. Volume X, 
Supplement, November, 1934, of Revista de la Sociedad Argentina de 
Biologia. Pp. 583; illustrated. Buenos Aires: Imprenta Ammor- 
rortu, 1935. (Price not given.) 

A Terminology of Operations of the 'U7riversity of Chicago Clinics. By 
Hilger Perry' Jenkins, M.D. Pp. 99. Chicago; The University 
of Chicago Press, 1935. Price, 81.00. 

A Siiggestion for an Experimental Trial of Almn-trcated Bactericidally Inac- 
tivated Virus in the Active Local Imnmnization Against Poliomyelitis. 
By S. Peskind, B.S., M.D., _ Pp. 6. Cleveland; The S. P. Mount 
Printing Company, 1935. (Price not given.) 

Celsus de Medicina. ■ In Two Volumes. Volume 1. With an English 
Translation by W. G. Spencer, M.S. Lond., F.R.C.S., Eng. Pp. 499. 
Cambridge; Harvard Univ'ensity Press, 1935. Price, 82.50. 

Hugh Owen Thornas. A Personal Study. By Frederick Watson. Pp. 
94; illustrated. New York: Oxford University Press, 1934. Price, 
84.25. 

Behavior Developments in Infants. A Survey of the Literature on Prenatal 
and Postnatal Activity 1920-1934. By Evelyn Dewey. Pp. 321. 
New York; Columbia University Press for the Josiah Macy, Jr., 
Foundation, 1935. Price, 83.50. 

Localized Rarefying Conditions of Bone as exemplihed by Legg-Perthes’ 
disease, Osgood-Schlatter’s disease, Kiimmell’s disease and related con- 
ditions. By E. S. J. King, M.D., D.Sc., M.S. (Melb.), F.R.C.S. 
(Eng.), F.R.A.C.S., Honorary Surgeon to Out-Patients, Melbourne 
Hospital; Stewart Lecturer in Pathology, University of Melbourne. Pp. 
400; 70 illustrations. Baltimore; William Wood it Co., 1935. Price, 
87.50. 
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LEUKOPENIC STATES. 

The neglect attending the study of neutropenic states prior to 1922 
was suddenly turned into keen interest by the report of Schultz/ in 
that year, of the disease entity now known as agranulocytic angina. 
True, the diagnostic value of leukopenia in such diseases as measles, 
malaria, tjT)hoid fever and influenza was universally recognized, but 
interest in, and investigation of, the mechanism of the response attracted 
little attention. However, since' 1922, the literature upon this subject 
has grown to tremendous proportions. 

Schultz believed the clinical state he described was a new syndrome, 
characterized by a rapidly fatal course, a marked reduction in the 
circulating granulocytes, and ulcerative lesions in the mouth, vagina, 
and rectum. It is well known now that an undoubted case can be 
traced back to 1902, when Brown described “A Fatal Case of Acute 
Primary Infectious Pharyngitis with Extreme Leucopenia.”^ Many 
attempts have been made to trace the disease picture beyond Brown’s 
report. The latest of these, an historical review by Stenn,® draws 
attention to cases with clinical characteristics resembling agranulocytic 
angina recorded in the time of Hippocrates. The diagnosis of “ putrid 
sore throat,” commonly made in the 19th century, included the proper 
clinical attributes. These cases, Stenn states, possessed the identical 
clinical picture and “ there is no reason to believe that the latter (agranu- 
locytic, angina), was ushered into existence wdth the birth of the 20th 
century.” While the disease may have existed from time immemorial 
and had to wait for the development of modern hematologic technique 
for its recognition, the utter impossibility of differentiating it from 
such conditions as aleukemic leukemia and Vincent’s angina, on clinical ' 
grounds alone, together -with recent observations relating to its etiology, 
point strongly to the possibility of its having been “ushered into exist- 
ence with the birth of the 20th century.” 

Etiology. The 13 years • that have elapsed since Schultz’ report 
have led us through an extremely confused stj^te in the recognition and 
classification of leukopenic states, until at present differential diagnosis 
rests upon sound criteria. Etiologic considerations and pathologic 
physiology, however, still rest upon uncertain grounds. Confusion 
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in the understanding of agranulocytosis is due, in part, to the many 
terms used. Schultz named the sjmdrome agranulocytosis. Friede- 
mann^ preferred agranulocytic angina. For ctjunologic reasons others 
have changed the nomenclature, until we now find such terms as granu- 
lopenia, granulocj'^topenia, neutropenia, malignant neutropenia, neutro- 
ej’^topenia, and pernicious leukopenia in common use. 

Roberts and Kracke’’ have put forth a simple classification of granulo- 
penia into complete and incomplete varieties. The incomplete variety 
is common and not very dangerous, tlie complete variety rare and 
dangerous. The mechanism of the complete type is described® in 5 
stages, Avhich occur “with inevitable and inexorable regularity.” First, 
there is the bone marrow onset, a selective failure of the bone marrow 
Avhich may be myelocytic aplasia, myeloblastic dysfunction, cessation 
of maturation, allergy, or some other factor. Second, about 4 days 
after the bone marroAV failure the blood stream onset occurs, followed 
third, l)y the clinical onset, fourth bj’’ secondary bacterial invasion, 
and fifth either by return of granulocytes or by death. 

While such a dichotomous classification may be most important in 
arriving at a quick diagnosis as a guide to prognosis and treatment, a 
further elaboration is necessary to an understanding of the etiologic 
aspects of granulopenia. A simple classification, ns outlined by Sturgis’ 
divides granulopenia into primary and secondary tj-pcs. The primary 
type is subdivided into: (n) the acute (Schultz) tjqie Avith an abrupt 
onset and course, and (6) a chronic recurrent variety characterized by 
many attacks. The secondary tjqie differs entirely from the primary 
A'^ariety and is observed most often in arsenic or benzol poisoning, 
folloAving irradiation, in various infeetions such as pneumonia, and in 
certain blood diseases such as pernicious anemia, aleukemic leukemia, 
and aplastic anemia. 

Kastlin® and Pepper® haA^e pointed ont that leukopenia may be pro- 
duced in three AA'ays; 1, increased AAdiite blood cell destruction; 2, 
failure of production, or 3, migration of cells from the peripheral blood 
upon which counts are made. The first mechanism may play a part 
in some cases but the second appears to be a frequent mechanism, for 
example, in aplastic anemia. The third. Pepper states, is usually 
transitory but quantitatively it may be very striking. It is the mechan- 
ism usually concerned Avhen foreign protein enters the blood. Granulo- 
cytes leave the blood to go to the liver and spleen. 

A distinct shift in interest in the theories of the etiology of agranulo- 
cytosis has occurred in the past 2 years. The association of infectious 
processes with the syndrome at first led to the supposition that the 
organisms isolated were the causatiA'e agents. Reproduction of the 
disease with such organisms in pure culture uniformly failed, but 
changes in the Avhite blood count Avere produced Avith bacterial products 
(foreign proteins) and Avitli organisms placed in parchment capsules 
implanted in animals.*® Confirmation of these residts has not been 
uniform.** Studies on recurrent cases revealed that the characteristic 
blood picture deA^eloped prior to the onset -of infection and clinical 
symptoms, and haA’^e ajfparently dealt a death blow to the infectious 
theory. A recent case report by Kitchin*® confirms this sequence of 
events. He folloAved a recurrent case and by plotting the granular 
cell count and the spirochetal condition of the mouth shoAved an increase 
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in Vincent’s organisms following the lowered granulocyte count, indi- 
cating that the number of neutrophils in the peripheral blood stream 
is important in the control of the bacterial growth in the_ gingival 
crevices. At present infection is regarded, as stated previously^ in 
I&acke’s theory, as evidence of secondary invasion in an organism 
stripped of its defense powers (leukocytes). The pendulum in_ the 
clock of interest has swung then, from infection to drugs and chemicals 
as a possible cause. 

• Pitz-Hugy® states that since 1928 Pepper has, upon clinical grounds, 
suspected the importance of allergy in agranulocytosis. His views are 
based upon the occurrence of the clinical picture in patients with 
definite allergic backgrounds. We do know, from the work of Vaughn, 
that allergens have a distinct effect in lowering the white blood count. 
He introduced the production of leukopenia (leukopenic index) as a 
diagnostic procedure in the determination of the allergenic properties of 
foods following their ingestion by patients. But it remained for Kracke^® 
and Madison and Squier^® definitely to incriminate specific agents as 
important etiologic factors. Kracke noted the frequency of occurrence 
following the ingestion of coal tar derivatives. Madison and Squier 
definitely accused amidopyrin as the cause. At the same time, and 
independently, Rawls*^^ had noted, in the use of drugs containing the 
benzene ring in the treatment of arthritis, that 2 patients developed 
agranulocytosis. He cautioned us in the use of amidopyrin. Since 
these reports numerous cases have been placed on record demon- 
strating the importance of amidopjTin in the development of agranulo- 
cytosis, and previously reported series have been restudied in this light. 
In Madison and Squier’s first report they described 13 cases, all ha\'ing 
taken drugs containing benzene ring derivatives over a period of time 
preceding the onset of sjTnptoms. Five of these patients received 
such drugs during treatment; 4 (80%) died; 8 avoided such drugs; onlj'^ 
2 (25%) of these died. Two patients showed a drop in their white 
counts following the ingestion of single doses. Experimentally, of 11 
rabbits given the drugs only 1 developed an agranulocytic blood picture. 
It died on the thirtieth day. 

Plum^® in reviewing the literature found, from May, 1933 to December 
1934, 128 cases reported due to amidopyrin. This number has increased 
remarkably since then. He, as well as others, has repeated the 
experiment of Madison and Squier, in giving patients amidopyrin sub- 
sequent to recovery. In Plum’s case detailed blood counts are avail- 
able. In 1^ hours the white blood count dropped from 9000 to 1900, to 
rise in 3 hours to 11,500 and again drop to 2000 within the first 24 
honrs. Gradually, in the next 10 days the count rose to 10,000. The 
transitory rise, not described by the other observers, was accompanied 
by a distinct “ shift to the left.” Plum also found a temporary fall in 
the non-^anular series, followed by a rise within 24 hours and a return 
to a maximum in 10 days. 

A most ardent adherent to the benzene ring theory has been R. 
Kracke. In a recent report*” he reiterates his stand and gives e\’idence 
to support his pre\’ious work. He points out that only in those bar- 
biturates containing the benzene ring have cases of agranulocytosis 

In a more recent communication, now in press, Rawls stresses the infrequency of 
amidopyrin cases in a large series of agranulocjd:oses. — Editoe. 
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appeared. He likewise insists that occasionally in the use of neoars- 
phenamin a case develops without deprc.ssion of other hematopoietic 
elements. Fn I^rench reports following the use of gold salts agranulo- 
cytosis occurred only in those patients receiving a gold salt containing 
a benzene ring. The presence of an amine, NTIe, group he believes, 
merely facilitates the o.xidation process. All tliese drugs, theoretically, 
may be oxidized to quinonc and catechol. To substantiate this con- 
tention the oxidation products have been injected into 17 rabbits. 
Of (5 surviving the injections, 1 showed mai'ked leukocytic depression 
and 2 showed complete agranulocytosis. Recently, dinitrophcnol has 
been added to the list.''''""'* 

To further the chain of circumstantial evidence convicting amido- 
pyrin and allied drugs, Kracke points out that most of these drugs 
were introduced about 11)22. Furthermore, the disease is most prevalent 
in the United States and Germany, countries where these drugs, aniiin 
dyes, and coal tar compounds are most commonly used. The disease 
is also most common in those groups to whom these drugs are most 
aece.ssible, such as physicians, nurses, druggists, dentists and house- 
wives. 

Herz,^“ like Ivracke, believes that amidopyrin is an important cause 
of agranulocytosis, but does not believe that the benzene ring is respon- 
sible. To him the NH (imido) component is the toxic element regaixlless 
of whether it remains as NH or whether H is replaced by another radical. 
The NOo radical of dinitrophcnol he considers just as toxic as NHo. 
Since dinitrophcnol, arsphenamin and amidopjTin all contain both 
gi'oups it is difficult to say, a priori, which group produces the toxicity. 

In spite of all the enthusiasm and evidence pointing to the amido- 
pjT-in group as the cause of this syndrome there is good evidence to 
show that some cases are entirely unrelated to the use of drugs. Jack- 
son^’ admonishes that in the consideration of etiologic agents in any 
condition, chance alone may play havoc with reasoning. Amidopyrin 
is a commonly used drug. Custer*- informs us that in the Philadelphia 
General Hospital in 29,488 admissions (4027 deaths), 120,000 tablets 
of amidopyrin were used. There were no instances of agranulocytic 
angina in the wards nor in the 192G autopsies performed in this period. 
Cases definitely knorvn to have taken no such drugs are on record.**’** 
In Jackson’s group, there were 27 cases with accurate erddence of the 
use of amidopjwin. Seven of these received the drug before the onset 
of symptoms, which could possibly have developed from its use. Twelve 
patients (44%) received no drugs before, during, or after the onset of 
agranulocytosis. Yet they had clinical pictures similar to those who 
took the drug. Cases have been reported with the neutropenia corre- 
sponding to the first of each menstrual period,** in kala-azar,*'*'*^ acute 
pemphigus,** and following influenza.* 

Fitz-Hugh** feels that “drug idiosyncrasy and the orthodox dictum 
of agranulocytosis preceding the onset of symptoms clashes hopelessly 
in the face of certain acute and relapsing cases reported.” He further- 
more points out that a neutropenic effect from amidopjo-in cannot be 
a simple toxicologic problem for less than one in thousands of users 
of amidopjTin develop the disease; those who develop the disease do 
not take the drug in excess ; and patients rvho have taken the drug in 
excess (allonal suicides, patients with measles and rheumatic fever) 
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maintained normal blood counts. However, an allergic or susceptible 
indiAodual may be necessary, in whom only small doses suffice. This 
is the view of Madison and Squier.^*^ They believe that the blood 
changes in agranulocytosis result from repeated administration of these 
drugs, especially amidopyi’in, to persons who have developed specific 
allergic drug hypersensitivity through use of these products. Skin 
sensitivity was demonstrated by patch tests in 2 cases, and systemic 
reactions resulted in these patients, with reduction of the total and 
granular counts and elevation of the temperature, following applica- 
tion of a 10% solution to the unabraded skin. They considered the 
risk of intracutaneous tests too great to attempt their use. 

One must confess that amidopjuin often appears to be at least the 
exciting cause of the disease, and in several cases the use of the drug 
after recovery has shorvn distinct effects upon the white blood coi nt. 
One cannot deny that amidopyrin often appears to cause the clinical 
picture, but an identical clinical picture may develop without its use. 

The possibility of an endocrine factor must be considered in view 
of several recent case reports.®^-*® Chronic recurrent agranulocytosis 
has been shown at times to have a definite temporal relationship to 
the menstrual cycle. AVhile the relationship is not constant, Jackson 
and Merrill have been impressed by cases with attacks at, or about, the 
menstrual cj'-cle. Furthermore, approximately 80% of cases occur 
in women. Thompson has followed 40 cases for a possible temporal 
correlation of the onset of the granulocytopenia with the onset of 
menstruation: 25 were under 40 years of age, that is, in the menstrual 
age; 17 of these patients dated the onset of subjective symptoms within 
1 or 2 days of the regular menstrual period, and all 17 were menstruating 
on admission to the hospital. In 6 there were one or more recurrences 
coincident with the menses. 

One cyclic case, a man, reported by Thompson, developed diabetes 
insipidus. Hormonal studies suggested that the granulocytopenia 
occurred in this man at the time of the hormonal catamenia. 

The experiments of Orr'*® suggest that the thyi-oid plays little or no 
role in endocrine-conditioned cases. He has shown in tbyroidectomized 
rabbits that the myeloid tissue is less and the lymphoid tissue more 
vulnerable to the toxic action of benzene that in the normal, and that 
the response of the neutrophils and myeloid tissue to stimuli provoking 
leukocytosis, such as infection and nucleic acid administration, is 
unaffected by thjToidectomy. 

The recent work of kliller and Rhoads'*^ attacks the problems of 
etiology from an entirely different aspect. In a study of black-tongue, 
they found that animals dying of the disease in an acute form frequently 
showed leukopenia Avith the acute stomatitis. In certain instances they 
describe the appearance or oral lesions strikingly similar to those seen 
in agranulocytic angina in humans. However, the leukopenia developed 
together with, or soon after, the onset of the mouth lesions, and no 
evidence is ofi'ered to show that the stomatitis followed the leukopenia. 
Inirthermore, in none of the animals was coriiplete agranulocytosis 
present. The lowest total white count rvas 1250, and the lowest abso- 
lute neutrophil count 360. Pathologically, bone marrow alterations 
were found, including a defect in the maturation of the erythropoietic 
cells. However, duration of the change was apparently too aliort to be 
reflected in the blood stream. 
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In spite of the close relationship of some cases of agranulocytosis 
to the intake of amidopyrin and related chemicals, it must he said 
that the etiology is still unknown. Certain cases follow specific dis- 
eases (kala-azar, influenza) and others appear to occur without appar- 
ent cause. Can all these seemingly unrelated cases be reconciled to 
one common etiologic factor? Is agranulocyto.sis a specific disease or 
a sjmdrome? As yet the question is unanswerable. 

Pathology. The pathology of agranulocytic angina is as confused 
as the etiology and treatment. This disordered state can be explained 
in part by two facts. First, those cases diagnosed iis agranulocytosis 
have not, as scrutiny and reflection on the reported cases will show, 
always met the rigid criteria we now maintain in diagnosis. Second, 
and most importantly, the selection of material for study has not been 
carried out with care. 

Custer^' stresses the importance of meticulous care in the examination 
of the bone marrow. Obviously, definite criteria must be laid do^\^l in 
obtaining specimens to ensure adequate data for analysis. Marrow 
from more than one focus must be included in the examination, pref- 
erably a specimen of the normally fatty tyqie (femur, tibia) and one 
from the more celhdar areas (ribs, vertebrae, sternum). Sections are 
essential. Smears alone, Custer states, are nearly valueless for the 
relative proportion of cells and their relationship to each other are 
disturbed and cannot be estimated. 

With the above facts in mind recent investigations have begun to 
change the concept of the pathology, and, consequently, the funda- 
mental nature of agranulocytosis. The former contention that aplasia 
of the marrow is the characteristic lesion is gradually giving way, 
under this rigid technique, to the view that the difficulty lies in “ matura- 
tion arrest.” Tiiis view was first proposed by Fitz-Hugh and Knnn- 
bhaar"*- who described a maturation arrest at the stem-cell stage followed 
by a terminal stage of aplasia. Jaffe'^ at a later date reported findings 
of increased cellularity in the bone marrow with a predominance of 
myelocytes of changed staining characteristics. Others have noted 
similar findings.**^ Jackson and Parker'*'^ agree in general with these 
■vdews. In 25 cases, they found the cellularity was usually normal. In 
later stages of the. disease in some cases degrees of hjqjoplasia were 
found. Little or no disturbance occurred and no abnormal features 
were noted in the red cell series. Megakaryocytes were normal in 
number and histology. No mature granulocytes were found in any 
marrow and there were no myelocytes. They, as did Fitz-Hugh and 
Krumbhaar, found active mitoses in the stem cells, indicating matura- 
tion arrest. However, in those patients surviving 8 to 20 days, the 
picture of relative hypoplasia developed. 

More recently, Custer^- has analyzed 11 cases under rigid clinical 
and pathologic scrutiny. His findings are similar to those of Fitz- 
Hugh and Krumbhaar, and Jackson. In 9 of the 11 cases the following 
pathologic findings occurred uniformly — 1, marked proliferation of 
myeloblasts; 2, failure of these cells to mature; 3, normal or slightly 
increased red blood cell formation; 4, slight hyperplasia of otherwise 
normal megakaryocytes; and 5, infiltration of lymphocytes and plasmo- 
ej’^tes. In the 2 remaining cases degeneration and relative hypoplasia 
were noted although changes, qualitatively, were similar to the other 9. 
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As in the reports of Fitz-Hugh and Krumbhaar, myeloblasts repre- 
sented almost entirely the granulocytic series. While the degree 
of cellularity varied considerably in different bones in individual cases, 
the qualitative changes were similar. He states that “the paramount 
feature is a failure of actively proliferating myeloblasts to ripen into 
segmented forms of the neutrophil. Is this due to a lack of an intrinsic 
maturation factor, as suggested by Fitz-Hugh and Krumbhaar, and 
comparable to that of the erythron in pernicious anemia, or is it due 
to extrinsic chemical or bacterial toxin?” 

From the standpoint of pathologic bone marrow, Custer has classified 
the causes of neutropenia, linking the alterations in the blood with 
changes in the marrow, so that the clinician is offered an opportunity 
to classify his cases as idiopathic or sjmptomatic agranulocytosis. 
The pathologic classification of neutropenias which may be correlated 
with the classifications given under “Etiology” follows; 

“I. With relatively ‘full’ marrow, as a result of: 

“a. Severe toxemia (usually bacterial) 

“h. The leukoses (leukemias) 

“1. Aleukemic myelosis — overproduction of granulo- 
cytes 

“2. Lymphodenosis — replacement of granulopoietic tis- 
sue 

“3. Reticulosis— replacement of granulopoietic tissue 
“c. Idiopathic agranulocytosis .(Schultz) — defective matura- 
tion of the myeloblasts. 

“II. With relatively ‘empty’ marrow as a result of: 

“ a. Severe toxemia (usually chemical, as benzol) 

“ b. Marrow exhaustion, through protracted anemia, infection 
“c. Aplastic anemia (idiopathic) 

“d. Irradiation 

^ “e. Idiopathic agranxdocytosis (occasional case).” 

These confirmations of the state of the bone marrow make it possible 
to elaborate upon Kracke’s theory of the sequence of events in granulo- 
cytopenia, and to assign maturation arrest as the cause of the selective 
bone-mfarrow failure. Fitz-HugM^ has outlined his concept of the 
pathologic physiology. Through the toxin, allergy, or whatever influ- 
ence that suppresses maturation, there first occurs in the leukopoietic 
centers of the bone marrow an arrest in the development of the parent 
white blood cell. Maturation and emigration then slow down or cease 
entirely, and granulocytopenia follows. The granulocytes of the bone 
• marrow are represented then only by myeloblasts with an occasional 
myelocyte in normal or increased numbers (hyperplastic stage). If 
tiiese cells later die, the marrow reaches the aplastic stage. Remission, 
if it occurs, appears to be initiated by release of the maturational arrest, 
or by some factor which allows leukopoiesis and emigration to be 
carried out. Granulocji;es again appear in tlie blood stream. 

Because of the analogies of this concept to the pathologic physiology 
of pernicious anemia, Fitz-Hugh and liis co-workers have suggested 
the name pernicious leukopenia for this disease. 

Symptomatology. Under this heading I shah consider only a few 
scattered findings which have come to light in the past 2 years. The 
majority of these are best considered and natmally fall, in discussion. 
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in the consideration of diagnosis. lYlicn leukopenia is a concomitant 
of a recognized disease, for example malaria or infectious mononucleosis, 
the symptoms are those of the disease. 

Reflection, on the possible results that may follow the conditions 
defined in Kracke’s theory of the mechanism of agramdocytosis leads 
one to a basic, symptomologic outline of this disease. Primary onset 
of the disease in the hone marrow is accompanied at first by no symp- 
toms whatsoever. With the reduction in granulocytes about 4 days 
later one might expect symptoms arising through the absence of granu- 
locytes. Should we know more fully the functions of the granulocytes, 
we could expect sjnnptoms due to the suspension of this function. 

Without granulocytes, infection is ineviudde, for the granular cells 
represent a most important immunity conferring mechanism. Without 
them bacterial invasion of the mucous membranes with ulcers, inflam- 
mation, fever, and chills is a constant fintling. ICracke^ believes also 
that the granulocytes are necessary to the individual for his daily 
normal strength. Without them fatigue, exhaustion, prostration, 
and even collapse may result. Such symptoms, he finds, are common in 
individuals with leukopenia. He suggests a definite, hut vague, clinical 
sjmdrome, consisting chiefly of weakness, easy exhaustion, fatigue and 
loss of strength associated with a chronic diminution in the number of 
granulocytes. The same author believes that dulling of mental func- 
tions, and loss of memory, leading to delirium and unconsciousness, 
may be ascribed to absence of granulocytes as well. The fever occurring 
in agranulocytosis before sepsis suggests to him a role of temperature 
control. 

Diagnosis. Diagnosis consists, briefly, of cataloging any particular 
case with respect to one of the several classifications previously given. 
This procedure is not and has never been a simple matter. However, 
in the past 13 years great strides have been made in this direction. 
Says Kracke, “A leukopenia with complete or near complete absence 
of granulocytes, which constitutes the essence of the disease granulo- 
penia or agranulocytosis, is one thing, and a leukopenia that is a blood 
sign of a disease, of which it is a part, is quite another thing. Fine 
judgment and acumen may be necessary to make the differentiation. 
Sometimes only waiting will solve 4he problem. The point to be empha- 
sized is that a low granulocyte count is not, of itself, proof of the disease 
granulopenia.” 

Doan emphasized^® the differentiation of the leukopenias in an 
analysis of his own series. Over 80% of the patients referred to him 
in a 3-year period had leukopenias not of the Schultz type. Most • 
cases will, no doubt, from analysis of the patients’ symptoms and signs, 
be classified as hematologic accompaniments of specific diseases, such 
as overwhelming infection (pneumonia, septicemia), infectious mono- 
nucleosis, malaria, Hrus diseases (measles, influenza), irradiation, benzol 
poisoning, the splenomegalies with leukopenia, aplastic anemias, and 
others. 

One must, of course, have forever in mind the possibility of primary 
agranulocytosis. It is only through alertness and religious use of the 
routine laboratory hematologic studies that one can be axvare of the 
possibility of its presence. 

Jackson emphasizes that the best hematologic criteria for diagnosis 
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of granulocytopenia are a greatly reduced wliite blood count with com- 
plete absence of the neutrophils, together with an essentially unim- 
paired red blood cell and platelet count. Bleeding and palpable spleen 
and lymph nodes are absent. With local sepsis, however, Ij^mph node 
enlargement may occur. Kracke,® on the other hand, reports a high 
percentage of patients with hemorrhage. These, he states, are usually 
small and at times are found at autopsy only. The platelets* in these 
cases have shown marked decreases. The hemorrhagic tendency, as 
described by Kracke, is secondary to the septic process resulting from 
the neutropenia. Most authors believe hemorrhage is rare. Throat 
ulcerations are not characteristic, and may be absent. There should 
be no other disease present which could logically explain the leukopenia. 
Confusing cases often arise in aleukemic leukemia. Miliary tubercu- 
losis of the bones®” has produced a most confusing picture. Hodgkin's 
disease, metastatic carcinoma and overwhelming sepsis may also follow 
in general the hematologic criteria given above. Extreme leukopenia 
alone with absence of granulocytes is not, as Custer’s classification 
points out, pathognomonic of a single pathologic entity. 

The 3 cases reported by Jackson, in a discussion of diagnosis, may 
be read and analyzed profitably by every one interested in the disease. 
The following statements embody one of Jackson’s reports. In leu- 
kemia, regardless of the total white count, the blood shows a number 
of very young cells, usually “blasts.” Only occasionally is such a cell 
found in the blood in agranulocytosis. In agranulocytosis prostration 
is more marked and the febrile reaction less labile. Final differentiation 
from aleukemic leukemia rests upon the character of the white cells, 
changes in the red blood cells and platelets, and bone marrow changes. 
There are those who feel there is a close connection between .the two dis- 
eases.®^ Strumia points out that in the two diseases there are many 
similarities in the clinical course, blood picture and the anatomic 
lesions. He cites at least 6 reported cases of apparent transition of one 
disease into the other. If the relationship is true, and what the relation- 
ship is, has not as yet been ascertained. 

Treatment. Treatment of leukopenic states is rationally that of the 
etiology, '\^^ren the etiology is unknown and the cause cannot be 
removed, treatment usually progresses along two lines: 1, support 
and symptomatic relief, and 2, empirical measures based chiefly upon 
theory and analogy to similar diseases. Evaluation of treatment must 
depend upon the accuracy of diagnosis and here, in granulocytopenia, 
lies a major problem. Treatment of amidopjTin granulocytopenia while 
continuing the use of the drug, or injecting pentose nucleotide into a 
misdia^osed aleukemic leukemia must, of course, raise havoc with the 
conclusions as to the efficacy of the procedure carried out.' It is with 
such thoughts in mind that the therapy of primary granulocytopenia 
must be approached. 

Roberts and Kracke® outline “three chief objectives of scientific 
treatment.” The first objective concerns itself entirely with the prob- 
lems of support and symptomatic relief, for the maintenance of life 
and strength. Nursing care, food,, water, control of fever and care of 
the necrotic lesions are included. Second, attempts to restore the 
function of the bone marrow and consequently the white blood count 
to normal must be sought. If maturation arrest is the pathologic state. 
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a substance comjjarablc to liver or bog stomacb in the treatment of 
pernicious anemia would be the goal. Such a specific is not available. 
The third objective is warmly disputed. Roberts and Kracke state 
that sepsis and necrosis are the hopes of every patient to stimulate 
the myeloblastic acti^'ity of the marrow. Jackson and Parker*'^ dis- 
agree. The disease may develop in the face of existing abscesses. 
“That sepsis raises the white count in indiAnduals possessing a normal 
marrow is no indication that it will do the same in one whose bone 
marrow contains, so far as Avhite cells are concerned, only stem cells. 
Just how sepsis causes leukocytosis and an hyperplastic marrow in 
normal patients is not clear. There is no evidence, however, that it does 
so by stimulating the few existing stem cells to maturation.” 

The following are the most important procedures currently discussed 
in the literature in the treatment of agranulocytosis; non-specific 
measures, pentnucleotide, stimulating doses of Roentgen ray, liver 
extract, sepsis and necrosis, transfusion, adenin sulphate, leukocytic 
cream and addisin. 

Non-sjjccific vicasurcs deal chiefly with the procedures commonly 
used in producing leukocytosis. Intramuscular turpentine, milk 
injections, subcutaneous benzene and even bacterial injections have 
been suggested. Sepsis and necrosis are similar factors concerning 
which nothing more than the previous discussion need be added. The 
overwhelming consensus of opinion today is against the use of these 
measures especially since the establishment of maturation arrest as 
the pathology of the marrow, for no mature leukocytes are available to 
be called out. 

Pentmiclcotidc. Henry Jackson'’- first isolated from normal human 
blood a substance which he believed to be adenin nucleotide combined 
or mixed with an equal quantity of a pjTimidin nucleotide. Four 
years later, from the same laboratory came the reporP^ that the bone 
marrow of rabbits was stimulated by these substances to the production 
of neutropliilic leukocj^es. This work started from the hjqjothesis 
that the effective normal stimulus to granulocji:e production in the 
peripheral blood was the liberated products from disintegrating cells, 
possibly nucleic acid derivatives. Reznikoff'^ reached similar conclu- 
sions and in 1930“^ treated 4 patients, 3 of whom recovered, with adenin 
and guanin. In 1931, Jackson ct al.^ presented the results of treatment 
of 20 patients with marked leukopenia with pentose nucleotide; 13 of 
these patients were diagnosed primary agranulocytosis; in 14 of the 
20 patients recovery took place; 7 of the 13 patients with primary 
agranulocytosis recovered. 

Since the pioneer work of Jackson and his coworkers, pentnucleotide 
has been used extensively throughout the world. Reports of its use, 
as with other forms of therapy, have been conflicting. Many single 
case reports and reports of several ^oups of cases have appeared in the 
past 2 years, some with, others without, beneficial results. Only by 
accumulation of cases in numbers* sufficient to analyze statistically 
will it be possible to evaluate this or any other form of therapy. Of 
103 patients treated by pentnucleotide mentioned in Jacks'on’s report,^® 
69 (67%) recovered and were still alive. A mortality of 33% is much 
lower than the mortality in the untreated disease, which is generally 
conceded to be above 75%. 
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Experimental data does not bear out clinical results with the use of 
nucleotide. Kimm and Spies” produced experimental leukopenia by 
irradiation. Pentnucleotide had no apparent effect in the subsequent 
course of these animals. Reich and ReiclP* in similar experiments 
produced leukopenia by benzol poisoning in rats. Control experiments 
were run -with saline injections in addition to the pentnucleotide therapy. 
Results did not differ significantly. IVhile such experiments may cast 
some doubt on the value of pentnucleotide in the treatrnent of agran- 
ulocytosis, it must be remembered that irradiation and benzol poisoning 
do not produce the clinical and pathologic entity of primary agranulo- 
cytosis. It appears, clinically, that results are better with pentnucleo- 
tide than with any other form of therapy. Surely, except for the pos- 
sibility of some reactions which have occurred, there are no detrimental 
effects, and every case should be given the benefit of a trial with such 
therapy. 

The action of adenin sulphate, a purine base and a disintegration 
product of the nucleotides, is thought to be similar to that of the 
nucleotides. It might be expected that therapeutic results would be 
similar. Adenin sulphate has not had as extensive use as the pent- 
nucleotides so that a large group of cases is not available for analysis. 
Reznikoff” reported 35 cases which had been followed, 15 of which 
were definitely dia^osed as “primary” agranulocytosis. Eleven 
(73%) of the 15 recovered, figures which compare favorably with the 
results with pentnucleotide. Although adenin sulphate is a simpler 
chemical compound than pentnucleotide and appears to give a quicker 
response when effective (24 to 48 hours as compared to 4 to 5 days) 
it is less soluble, must be boiled in saline, and is given intravenously 
when warm. 

Bone marrow itself has been used in therapy. Reports are scanty*^®'®^ 
and no conclusions may be drawn from its casual use. Strumia®^ 
advocates the use of a leukocytic cream and gives directions for its 
preparation. Injections were given intramuscularly into 10 patients 
with agranulocytosis. All the cases recovered. In most cases an in- 
crease in circulating granulocytes occurred in 1 to 4 days, usually 
within 48 hours. 

Liver extract, first used with apparent success by Foran, Sheaff and 
Trimmer®® has been investigated further by Meyer, Aliddleton and 
Thewlis,®^ who believe it probably acts by stimulation of the bone 
marrow, since the leukocyte count is raised by its use following splenec- 
tomy. Martin®® claims success with liver. Jackson’s cases,-® 4 in 
number, all died, but these patients received pentnucleotide as well. 
Heck’s case®' of recurrent agranulocytosis received liver therapy with 
a response which differed in no waj^ from that occurring in attacks 
witliout any treatment at all. Other reports, similar to those given, 
show approximately the same results. In the evaluation of therapy 
as yet liver must be given a minor place. As its use continues and a 
series of cases develops, sufficient material for statistical analysis will 
settle ite value. Today its value cannot be satisfactorily estimated. 

Addisin, an hemopoietic substance secreted in the normal stomach, 
akin if not-identical w'ith the intrinsic factor of Castle, and, therefore, 
related to liver extract, was used in 1 patient by hlorris.®® The Avhite 
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blood count began to rise in less than 24 hours following the adminis- 
tration of the drug. F urther experience with this substance is indicated. 

Transfvsion. Taussig and Schnoebelen''” collected o3 cases in which 
transfusion had been used. Thirty-four (G4%) diefl, as compared with 
75% with no specified form of therapy. As a curative measure trans- 
fusion appears to offer little help. Its use, however, may be important 
as a temporary measure in that it may prolong life, and second, 
by prolonging life it may carry a patient over a period of several days 
until other therapeutic measures can be instituted, or until spontaneous 
remission develops. 

Irradiation. One reads much of stimulating doses of Roentgen 
radiation in the treatment of agranulocytosis. The term “stimulating” 
must be defined. Most radiologists''''* believe that if effective at all 
Roentgen ray is entirely destructive in its action. Radiation may 
destroy cells and set free enzjmies or disintegrating cellular products, 
which may secondarily act as stimulating factors. If Roentgen radia- 
tion is active in the treatment of agranulocytosis it is, no doubt, by 
this mechanism, and perhaps even through the production of substances 
akin to adenin and the nucleotides. 

Reports of results with irradiation are conflicting. Doan'*®'''® con- 
siders that Roentgen ray therapy is always contraindicated in every 
leukopenic state unless it cjin be proved that myeloid hyperplasia 
exists in the marrow. It is contraindicated, then, whenever a hypo- 
plastic myeloid marrow underlies the leukopenic state. Fitz-Hugh'*" 
gives Roentgen ray if practicable. He states it is certainly harmless 
and may be of value although e.xperience is not convineing. Reported 
results are variable. In 64 cases collected by Taussig and Sehnoebelen®^ 
34 (53%) died. In 4 of their own cases 2 recovered and 2 died. Cogges- 
hall®® reports a successful case. Gager and Speer'® treated 2 cases Avith 
recovery. Four of 5 of Waters and Firor’s cases"' survived. Jackson 
is not impressed Avith the efficacy of radiation.^® 

In general, the statement holds that, although irradiation seems 
effectiA-e in some cases, it has not as yet established itself as an effectiA-e 
form of therapy, and in cases A\ith an aplastic marroAv its effects may 
even be detrimental. 

William A. Sodeman, M.D. 
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ALVIN E. SIEGEL, M.D 

MACON, GEORGIA. 

THE BLOOD PICTURE AND ITS VARIATIONS IN INFANCY 
AND CHILDHOOD. 

A REVIEW of the development of the hemutopoictic mechanism is 
essential to an understanding of the normal blood picture and the 
abnormal variations which are encountered so often in infants and 
children. The following is a widely, though not universally, accepted 
concept. In the embryo, formation of red blood corpuscles precedes the 
formation of the other cellular elements of the blood. The forerunner 
of the erythrocyte is the megaloblast. This arises from the endothelial 
cell, and is present for a considerable time before the leukocytes are 
differentiated. Prenatally the liver and the spleen are active seats 
of blood formation, but by the time the child is born the bone marrow 
has entered into the function of blood production. However, during 
early infancy these two organs still retain partially their embryonic 
hematopoietic function. IMienever a demand arises these centers 
function again to meet the demand. As the child becomes older the 
function becomes established more definitcl.v in the bone marrow and 
a demand for additional cellular elements is met largely by it. Embry- 
onic or very immature cells appear less frequently in the circulation. 
The red cells are produced in bone marrow from the endothelial cells 
lining the closed vascular sinusoids (Doan). They begin as megaloblasts 
and become in sequence macroblasts (erythroblasts), normoblasts, 
reticulocytes and finally the mature erytjn'ocyte. Reproduction by 
cell division may occur as long as the nucleus remains normal, i. c., the 
pyknotic nucleus of the normoblast does not allow reproductive cell 
division. The granular leukocytes originate in bone marrow p.aren- 
chyma. The lymphocj'^tes are derived from lymphoid tissue and the 
monocytes (endothelial leukocytes) from the reticuloendothelial tissues. 

The blood elements show a marked instability during the first 2 
months of life. Merritt and Davidson^ studied 77 normal children from 
their birth to 1 year of age. They found that after the second month 
the erythrocyte count of 4,690,000 persisted throughout the first year 
with a mean deviation of 370,000. In the same way the mean value 
for hemoglobin during the first year was found to be 12.6 gm. per 100 cc., 
with a standard deviation of 1.36 gm. In the Sahli scale, 17 gm. per 
100 cc. is equivalent to 100%, and the color index is 0.90. They found 
also that the reticulocytes in 'the normal infant had a mean value of 
3.4% at birth, after which there was a rapid drop during the first 
month to 0.16% with a standard deviation of 0.12%. This they regarded 
as normal throughout the first year. Blood platelets at birth were 
found to have a mean value of 227,000. After a rise at the third month, 
their mean value throughout the remainder of the first year was 344,000 
with a standard deviation of 66,000. 
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The leukocytes vary considerably. This is true especially in the 
neonatal pei’iod. Kato^ made 1081 total and differential leukocyte 
counts on 1037 individuals ranging in age from birth to 15 years. He 
found that the total leukocyte count was very high during the first 
2 days with a maximum averaging 22,000 at the end of the first 24 
hours of life. There was a sudden pronounced drop in the count on the 
third or fourth day, averaging 8750. During the first 3 months there 
was a slight temporary rise up to an average of 10,000 to 11,000. After 
this the normal level averaging 8000 was maintained, although there 
was a tendency to a gradual fall throughout the remaining period of 
infancy and childhood. The total granulocytes (neutrophils, eosinophils 
and basophils) were correspondingly high during the first 3 days of 
life. They fell sharply on the fourth day of life, paralleling a similar 
sudden drop of the total leukocytes. From 3 weeks to 4 years the 
total number of granulocytes was much lower in both relative and 
absolute numbers than that of the lymphocytes. Eosinophils and baso- 
phils were found constantly throughout childhood, but no significant 
variations were observed in normal children. The total lymphocytes 
were relatively low at birth and dropped sharply on the third day, but 
rose rapidly to reach their highest peak during the second month. 
After this the lymphocytes were greater in number than the granulo- 
cytes, until the fourth year when the two cell types were equally dis- 
tributed. After the fifth year the lymphocytes decreased steadily until 
the fifteenth year when they were about one-half as numerous as the 
granulocytes. The monocytes were present in large numbers in the 
neonatal period. After 2 weeks, the number of monocytes fell to a level 
which was maintained throughout childhood. The lymphocytes and 
the monocytes seemed to bear a quantitative relationship to each other, 
a ratio being obtained by dividing the percentage of monocytes by 
that of the lymphocytes. This monocyte-lymphocytic ratio described 
a definite curve of variations from infancy to childhood. A similar 
ratio was observed between lymphocytes and granulocytes. It was 
caclulated by dividing the percentage of the total granulocytes by that 
of the lymphocytes. These two ratio curves are somewhat identical 
in nature, the only difference being that the actual value of the granulo- 
lymphocytic ratio is approximately 10 times greater than that of the 
monocjffe-ljmphocytic ratio. 

Washburn^ attempted to discover what variations of leukocytes 
were present in normal healthy infants dmlng the first 3 months of 
life. His observations covered hourly fluctuations on different days 
in the same babies. He formd that the total leukocyte counts varied 
between 4000 and 23,000 per cmm. without indicating the presence 
of demonstrable disease process. The leukocyte counts in any 
individual baby tended to fluctuate Avithin a definite zone, but this 
zone Avas not the same for CA^ery baby of a giA^en age and size. There 
Avas no eAndence of orderly rhythm in the fluctuations of the leukocyte 
count during the hours of the day or night. There is no reason for 
expecting counts done at the same hour on different days to be com- 
parable. He Avas unable to sIioav anj’’ relationship between the number 
of leukocytes and such factors as the intake of food, digestion, sleep, 
increased activity or minor externa! disturbances. He found that the 
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lymphocyte was the cell type that was vcsponsihlc for the sharp fluctua- 
tions in total white cell count. 

Considering the types of leukocytes, one is impressed with the lack 
of uniformity in classifying white cells in tc.vthooks and in the less 
recent literature. A Renaissance of interest in the blood dyserasias 
has stimulated re.search into the elements of the blood in healthy 
individuals as well as in sick people. One vitally important develop- 
ment has been the attempt to classify the tjqies of levd^ocytcs. Wasli- 
burn'’ points out that there is no great difliculty in classifying eosinophils 
and basophils because of the t.^^hcaI stiiin reactions of the granules. 
The neutrophils have been divided into myelocytes, immature and 
mature polymorphonuclears. The mature cell shows in its t 3 ^pical 
form a well segmented nucleus of from 2 to G loluilcs joined by narrow 
bands of nuclear material and with its neutrophilic granular cytoplasm. 
The immature cell is usually slightly larger and its nucleus is unseg- 
mented, though it may be somewhat lobulatcd. It is plump and some- 
what vesicular in appciirancc and presents a shape which varies from 
a shallow U or irregular S to tliat of a rather slender kidney. This 
group corresponds most closelj’ to Schilling’s juvenile cell and may 
include a few cells which he would classify as stab cells. The myelo- 
cyte is usually fairly characteristic, being approximately the same size 
as the immature polymorphonuclear, with a round or plump kidney- 
shaped nucleus and' with distinctly more tendency to a basophilic 
reaction in the granular cytoplasm. The only cell with which it .might 
be confused is a' monocyte that is unusuallj" granular. The still more 
immature promyelocyte and myeloblast are found in the circulation, 
chiefly in leukemia. 

The lymphocytes are the predominant white cells in the blood 
of the infant for the greater part of the first 6 months of life. They 
differ from lymphocytes in the blood of adults not only in numbers 
but also in the tJT^e of cell. The tjT^ical small lymphocyte of the adult 
blood or of that of older children is not the most characteristic of the 
group in infancy, where they seem to be divided equally into large 
and small types. There is, however, a large proportion of lymphocytes 
intermediate in size between the real small lymphocytes of the adult 
and the definitely large type of infanejq which measures 2 or 3- times 
the diameter of the erythrocyte. 

The monocytes form a large heterogeneous group. , The typical 
• monocyte is slightly larger than a mature neutrophil and lias a slate- 
gray background containing fine pinkish staining granules which tend 
to occur in groups. Its nucleus is large and roughly kidney-shaped 
and stains a paler purple than that of either the lymphocyte or the 
mature neutrophil; the chromatin is more finally divided. Less than 
half of the monocytes in the blood of young infants belong to this type. 
About an equal number show varjdng amounts of coarse granulation, 
usually purplish and sometimes, but not always, obscuring the char- 
acteristic cytoplasm. The nuclei of these cells are often more deeply 
stained, and present almost every shape from a round or slightly 
indented to a truly segmented form with two distinct lobes. This type 
of monocyte may be difficult to differentiate from the myelocyte or 
immature neutrophil; but in most cases the characteristic graj'^ cyto- 
plasm and pinkish granulation of the monocyte can be recognized. 
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Agranular forms of monocytes are seen occasionally, with a more 
bluish cytoplasm that may contain a very few fine granules. The 
nucleus may be round, kidney-shaped or actually bilobed. In the blood 
of the same infant every variation from the agranular to the typical 
monocyte and from the typical to the very granular form may be seen. 

There are cells which are definitely less mature than a myelocyte 
or than a very large lymphocyte. These have been called blast cells. 
There has been no attempt to divide them into lymphoblasts, myelo- 
blasts, or monoblasts. These show a very deep blue agranular but 
fuzzy cytoplasm with a large round or oval nucleus which may be 
eccentric. Their diameter varies from 2 to 5 times that of a red cell. 
There is also considerable difference in the compactness of chromatin 
in the nucleus, although the nuclei of all of these cells stain deeply. 
The nucleus may appear as an almost solid mass as arranged in whorls 
or like a solid mass that has been fractured in many places. This last 
type resembles a megaloblast. The blast cells are not seen as often 
in the neonatal period as between the fourth and eighth weeks. 

From 0.5 to 2% of the leukocytes may resist classification. These 
are mostly mononuclear forms and probably represent a heterogeneous 
group of atypical cells, some of which are immature and some degener- 
ate forms, although from their appearance they may seem to be whole 
functioning cells. According to Washburn in childhood the Ijnnpho- 
cytes vary from 27 to 88%; neutrophils, from 5 to 63; all granulocytes, 
from 10 to 68 and monocytes from 1 to 18%. 

According to the Schilling classification there are 3 main divisions 
of white blood cells; granulocytes, monocytes and lymphocytes. 
Roughly speaking, an increase of granulocytes is noted in acute infec- 
tion, of monocytes in subacute infection and of lymphocytes in chronic 
infection. The change in granulocytes, especially in neutrophils, in 
acute infection is the main factor in interpreting blood smears by the 
Schilling classification. He subdi\ddes the neutrophilic granulocytes 
into 4 groups; segmented or mature forms; stab, staff, band or nearly 
mature forms; juvenile or immature forms; and the myelocyte or the 
least mature form of all. An increase in the immature forms is spoken 
of as a shift to the left. The nucleus of segmented neutrophils is sub- 
divided into two or more parts which are joined by pyknotic filaments. 
In stab cells there is a more or less, continuous nucleus with heavy 
chromatin areas in it and a nucleus in the shape of an S, T, U, V, W or Y. 
Juveniles are neutrophils with a continuous nucleus normally shaped 
like an U or kidney or peanut. There are no dark chromatin masses, 
but there may be a nucleolus in each terminal. In addition the nucleus 
of juveniles is paler, broader and usually ends in club-like extremities 
and occasionally the cytoplasm has a pale bluish cast. Myelocytes have 
a single round or oval nucleus, and their cytoplasm stains distinctly 
blue with large pink granules in it. An arrangement of the leukoc^ffes 
in a horizontal line, basophils, eosinophils, myelocytes, juveniles, stab, 
segments, lymphocytes and monocytes with their percentages presents 
the Schilling hemogram. An increase of the immature granulocytes 
(f. c., those to the left) constitutes a shift to the left and indicates an 
increase in infection. When stabs vdth prominent irregular granules 
are increased with an associated decrease of the segments the shift 
is spoken of as a degenerative one. It represents an interruption in the 
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developmental pliase of neutrophils by a toxic impression on the hone 
marroAV. With a stimulation of the regenerative process of the bone 
marrow by severe toxins, more new cells are formed in a “regenerative 
shift,” which is seen only in severe infections. Both degenerative and 
regenerative shifts may go on simultaneously. 

The chief abnormal varieties of leukocytes in the peripheral blood are 
metamyelocytes, neutrophilic myelocytes, myeloblasts and lympho- 
blasts. The metamyelocytes are the connecting links betiveen the 
myelocytes of the bone marrow and neutrophils of the Irlood. The 
nucleus is indented and the cell is usually smaller than the myeloblast 
and the myelocyte, being about the size of the mature neutrophil, 
which it resembles in every way except in the shape of the nucleus. 
The metamyelocytes may be subdivided into tAVo tjTies; those Avith a 
slightly indented nucleus Avhich are called young or Y tjqie, and those 
Avith a deeply indented nucleus Avhich are called band or B type. 
The neutrophilic myelocytes are the bone-marroAv precursors of the 
neutrophil in the normal blood. iVll 3 of these forms of myelocytes, 
especially the neutrophilic, are found in the blood stream in the scA^ere 
infections Avith extensive leukocytosis, but they are only seen in large 
numbers in splenomyelogenous leukemia. They are all developed from 
myeloblast as large mononuclear cells, Avhose protoplasm is filled Avith 
neutrophilic, eosinophilic or basophilic granules. The nucleus occupies 
most of the cell and is round, oval or slightly indented. The granules 
do not as a rule stain as deeply as similar granules in normal cells of 
the blood. Myeloblasts, the parent cells of the myelocytes are met in 
acute myelogenous leukemia and in the terminal stages of chronic 
myelogenous leukemia Avhen the bone marroAv reverts to the embryonic 
type. They do not have granules. The nuclei are round or oval and 
poor in chromatin Avith pale blue nucleoli. Lymphoblasts occurring in 
acute lymphatic leukemia, are large cells closely resembling the large 
or immature lymphocytes of normal blood, especially in children. 
Deep blue granules are sometimes seen in the cytoplasm, and the nucleus 
shoAvs usually one or tAvo nucleoli. At times the nucleus may be lobu- 
lated and is termed the “ Rieder cell.” The nucleus may be lobulated 
also in myeloblasts. 

Nussbaum^ endorsed the application of the Schilling method of study 
of the blood as a Amluable aid in diagnosing the presence of infection 
in pediatric cases. From a study of 432 hemograms of 232 children he 
found that the chief change in the hemogram in the presence of active 
infection Avas the increase in the percentage of immature neutrophils 
in the peripheral circulation. According to the percentage of immature 
granulocytes' (stabs, juveniles, myelocytes and myeloblasts) present in 
the peripheral blood, cases may be grouped into 5 classes : no regenera- 
tive shift (less than 10%); mild regenerative shift (10 to 20%); moder- 
ate regenerative shift (20 to 35%); marked regeneratiA^e shift (above 
35%), and marked regenerative shift Avith signs of exhaustion of the 
bone marroAv Avhen more than 10% of myeloblasts, myelocytes and 
juvenile cells are present. The degree of regenerative shift is propor- 
tional to the Aurulence of the invading organism except for slight 
individual A^ariation. 

Osgood and Baker,® studying 112 healthy boys and 103 healthy 
girls betAA'^een the ages of 4 and 14 years found no significant differences 
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on the basis of age and sex. The normal ranges for children of these 
ages were found to be as follows ; red blood cells, 4,200,000 to 5,800,000 ; 
hemoglobin, 10 to 14 gm.; hemoglobin coefficient, 10.20 to 13.80; cell 
volume, 31 to 41 cc.; color index, 0.85 to 1.15; volume index, 0.85 to 
1.15; saturation index, 0.90 to 1.10. These observers class as anemic 
those children with erythrocytes below 4,200,000 or the hemoglobin 
below 10 gm., or both. A diagnosis of “secondary anemia” is decried 
as it does not indicate the type of anemia, the etiology, or the treatment. 
In macrocytic anemia the color and volume indexes are above 1.15 
and the saturation index is normal. This tjT^e responds to treatment 
with the active principles of the liver or of tlie stomach, Normocytic 
and simple microcytic anemias show normal or low color and volume 
indexes and a normal saturation index. The treatment of these types 
is the removal of the cause. Transfusions are of benefit sometimes, but 
liver and iron do not help. Microcytic hypochromic anemia shows 
color and volume indexes below 0.85 and a saturation index below 0.90. 
The cause of tins type is usually chronic hemorrhage, deficiency of iron 
in the diet or achlorhydria resulting in deficient absorption of iron. 
Iron in large doses, especially in the form of ferrous sulphate acts 
usually as a specific. 

The majority of premature and immature babies either present a , 
more or less severe anemia at birth, or it develops soon thereafter. 
This fact was corroborated by the observations of Merritt and David- 
son.'^ The anemia in immature babies is less marked usually than that 
in premature infants. Josephs* has attempted to determine the mechan- 
ism of the physiologic anemia of prematurity. As regards the response 
of reticulocytes, and its relation to the administration of iron he found 
that there was no basis for the idea that the fall in red cells and hemo- 
globin was dependent on hypoplasia. During the first 6 to 10 weeks 
after birth administration of iron resulted in ho improvement. The 
length of the period was in direct ratio to the degree of prematurity. 
After an early period of non-reacti\dty, there followed a short transi- 
tional period with delayed response, after which administration of iron 
was followed by a prompt response in the reticulocytes and a rise in 
red cells and hemoglobin. He could find no evidence to show that the 
lack of stores of iron plays any part in the development of or in the 
persistence of the anemia before the end of the third month; but after 
that time the rise in the red cells without a corresponding rise in the 
hemoglobin in untreated infants indicates that lack of stored iron has 
become an important factor. He was not convinced that a low percent- 
age of hemoglobin was in itself harmful, although he thinks that it is 
indicative of a condition that renders the infant more susceptible to 
infection. Although iron may raise the hemoglobin content, trans- 
fusion is recommended as the method of choice in treating the condition 
as a whole. Abt® found the change in oxygen tension, the increased 
hemolysis after birth, the fragile and immature red cells and the embry- 
onal tjpe of hemoglobin in the premature as well as in the full term 
new-born infant. In addition the premature baby has a smaller total 
blood volume, and the increment in growth was gi-eater, and with the 
rapid gain in weight and growth there must be a corresponding increase 
m the blood volume. As a consequence the demand for new blood 
formation in the premature is much greater. There is no way of measur- 
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ing accurately the efficiency of the formation of blood, but it is a logical 
assumption that the immature blood-forming organs of premature 
infants are not capable of suppljnng fully the rlemands of the rapidly 
growing premature infants in the first 8 to 12 weeks after birth. This 
incapacity is comparable to the imperfect functioning of the gastro- 
intestinal, the cardiovascular and heat-regulating systems in these 
babies. 

At best the classifications of anemias are not very satisfactory in 
either adults or children. The leukemias constitute a fairly well-defined 
group. The characteristic of these is a great overproduction of leuko- 
cytes associated with an anemia. At times there is a failure of the leuko- 
cytes to increase for a part of the illness. In such cases this is known 
as an aleukemic phase, and it gives rise to considerable difficulty in 
diagnosis. In fact diagnosis may be impossible unless other factors 
indicate the correct conclusion. According to Parsons and Smallwood,'" 
exclusive of the leukemias, the anemias of infancy and childhood may 
be divided into two main groups; the hypoplastic, anhcmatopoietic’or 
deficiency anemias, and the hemolytic or erytbronoclastic anemias. The 
first group is characterized by defective blood formation, either a qual- 
itative or quantitative failure which is the result frequently of nutri- 
. tional disturbance such as iron starvation in the nutritional anemia of 
infancy and the hjTpochroinic anemia of coeliac disease or the vitamin 
deficieney in the anemia of scurvy. The second group is characterized 
by excessive destruction of the circulating blood cells, perhaps associated 
with damage of their precursors in the bone marrow. The damage 
to the bone marrow may paralyze either temporarily or permanently 
its blood-forming activities, i. c., aplasia. 

Abt" classified blood dyscrasia of infancy and childhood into two 
groups, depending on whether leukocytosis or leukopenia was present. 
His group with leukocytosis he subdivided into two subgroups; non- 
leukemic conditions simulating leukemia and leukemias simulating 
other conditions. Examples of the non-leukemic conditions simulating 
leukemia are pertussis, pneumonia, sepsis, von Jaksch’s pseudoleukemic 
anemia. Cooley’s erythroblastic anemia, infectious mononucleosis, 
mediastinal tumor and Niemann-Pick's essential lipoid histiocytosis. 
In leukemia simulating other conditions it is possible for a leukemia 
to be present at the same time as other conditions so that the manifes- 
tations of the other diseases may overshadow the signs of the leukemia. 
As examples of this are found leukemia associated with mediastinal 
tumor, rheumatism, diarrhea and parotitis. In the classification of 
blood dyscrasias with leukopenia there are also two groups: non- 
leukemic conditions simulating leukemia and aleukemic leukemia 
simulating other conditions. Under the first heading are grouped sepsis, 
agranulocytosis, Gaucher’s disease, aplastic anemia and malaria. 
Under the second heading sepsis, appendicitis and aplastic anemia 
must be considered. Hodgkin’s disease was not included by Abt’, but 
according to Smith,'" who studied 20 children with this disease, they 
showed a progi'essive anemia and a tendency to leukopenia with an 
increase of monocytes. 

The many dycrasias of the blood in infancy and childhood cannot be 
given adequate consideration here. In fact many can only be enumerated 
as in the classifications given above. Unfortunately these classifications 
do not include all types of diseases presenting abnormal blood ijictures 
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that are encountered in childhood. Among those not listed _ already 
are pernieious anemia and purpura. Several of those listed in Abt’s 
classification demand more specific consideration. 

Givan and Shapiro^* analyzed 29 cases of symptomatic agranulo- 
cytosis and a reported case of their own. Although the cause of this 
pathologic condition is not known definitely, the frequency with %vhich 
it is associated Avith severe antecedent infection must be regarded as 
more than a casual relationship. The disease has been described as a 
granulopoietic disease of the bone marrow. In the particular case 
cited adenin sulphate rvas used as a stimulant. With the reappearance 
of the granular elements the blood stream infection was overcome, 
the blood picture became normal and surgery was successful in clearing 
out infected areas in the jaw with the ultimate recovery of the patient. 

Greenwald*'* says that aplastic anemia is characterized by its rapidly 
and progressively fatal conrse. The two outstanding features are the 
anemia and the hemorrhagic diathesis, Avhich manifests itself by 
hemoptysis, epistaxis and purpuric eruptions. Fever is usually present 
throughont the disease. Pigmentation of the skin may be present. 
There are always cachexia and weakness. Sometimes necrotic areas 
develop in the mucosa of the mouth. The blood picture is the chief 
feature in diagnosis. There is a decrease of hemoglobin to 10 to 15% 
and the erythrocytes may be 1,000,000 or less. The color index is 
approximate! j"- 1 . Nucleated red cells are usually absent although mono- 
blasts may be met. Reticulocytes and polychromatophilic erythro- 
cytes are absent. There is a leukopenia with a marked reduction of' 
neutrophils and an almost complete absence of eosinophils. There is 
a marked increase in the lymphocytes. 

Cohen'® believes that congenital anemia of the newborn and erythro- 
blastosis are not synonymous, and reports a case of anemia of the new- 
born Avithout erythroblastosis in support of his claim. HoAvever, these 
tAVo conditions often occur together. AndreAVS and Miller'® report 
4 cases of anemia of the neAvborn shoAAnng erythroblastosis; BroAvn, 
Morrison and Mej'^er"' report a case AA'ithout erythroblastosis. At 
autopsy a careful search of all tissues aA^ailable for study failed to reA'^eal 
the degree of extramedullary hematopoiesis characteristic of erythro- 
blastosis. 
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A Study of the Average Temperature of the Tissues, of Heat Exchange 
and Vasomotor Response to Temperature by Means of a Bath Calo- 
rimeter. — A. C. Burton and H. C. Bazett (Laboratory of Physiology, 
University of Pennsylvania). A ivell-stirrecl “bath tub” was kept at 
constant temperature by a mercury-toluol regulator which periodically 
switched on an electrical immersion heater. A device using a self- 
starting synchronous motor (telechron) recorded the time the heater 
was “on” in any period of elapsed time. A subject was immersed to 
the neck and the bath was sealed by a layer of parafhn wax. Compari- 
son was made jvith control periods without the subject, and this enabled 
the heat given by the subject to the bath to be calculated. Rectal 
temperatures were electrically recorded continuously and oxygen con- 
sumption was measured by a Sanborn machine. Thermocouple meas- 
urements showed that the temperature of the surface of the body was 
within 0.1° C. of that indicated by the bath thermometer. Loss of 
heat from the head to the room was less than 10% of the total loss. 

Experiments with 16 different bath temperatures between 30° C. 
and 36° C. on one male subject showed; 

1. When the surface temperature changes by more than 1° C., the 
resulting changes in rectal temperature are totally inadequate to 
indicate the heat gained or lost by change of average body temperature, 
as measured by the calorimeter. A much better estimate was given 
by using the formula (prejuously developed by one of the authors) : 

Average temp. = 0.65 X rectal temp, -f 0.35 X surface temp. 

2. The heat production is better correlated with this average tem- 
perature than with the rectal temperature. There is a minimal meta- 
bolic rate in baths in which there are no hot or cold sensations. 

3. Raising the bath temperature by large amounts (greater than 
2° C.) leads to a temporarily reversed gradient in the superficial tissues, 
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with heat passing from bath to subject. The response of the rectal 
temperature to changes of bath temperature is ^eatly delayed and, 
when these changes are moderate, initial paradoxical changes of rectal 
temperature may occur. These are explained, with reference to a 
physical model, as due to reflex vasomotor changes in the effective 
thermal conductivity of the tissues. 

4. These vasomotor changes are d.ble to keep the heat loss to the 
bath in the normal range when the difference between rectal tempera- 
ture and bath temperature varies between 1° C. and 4° C. A greater 
difference entails increased loss and the stimulation of increased heat 
production. The constancy of the heat loss is achieved by a change 
of the effective thermal conductivity of the tissues by a factor of about 
5 times. 

5. An increase in thermal conductivity is observed with temperature 
differences exceeding 4° C.; this develops with the onset of increased 
heat production. It depends, probably, on an increased blood flow to 
muscles, rather than on any skin hyperemia. 

Experiments on a second male subject gave concordant results, 
while those on a female subject showed considerable divergence. 


Further Studies on the Mechanism of Hypertension Following Intra- 
cisternal Injection of Kaolin. — M. A. Lindauer, W. A. Jeffers, and 
J. Q. Griffith (Robinette Foundation, University of Pennsylvania). 
Six rats, made hypertensive by subtotal nephrectomy, were given 
0.05 mg. of ergotamin tartrate per 100 gm. of rat intraperitoneally. 
The results were inconstant. On the other hand, 13 rats, made hyper- 
tensive by intracisternal injection of kaolin and given the same dose of 
ergotamin tartrate, all showed rather marked initial falls in blood 
pressure, although some came back to their former level or even higher 
in a very short time. 

The carotid sinus reflex behaves in a normal manner in rats made 
hypertensive, by the intracisternal injection of kaolin, i. e., stimulation 
of the carotid sinus leads to a fall in blood pressure. 

The removal of circulating adrenalin from the blood stream by a 
right adrenalectomy and left splanchnic nerve section with enucleation 
of the left medulla causes a transient fall in blood pressure, but this 
fall is of the same order of magnitude as that seen in normal animals 
that have been trated in the same way. 

The Nature of Cell Permeability to Ammonium Salts. — M. H. 
Jacobs (Marine Biological Laboratory, Woods Hole, and Laboratory 
of Physiology, University of Pennsylvania). It has been shown by 
0rskov that the rate of osmotic hemoly^sis of ery'throcy’^tes’ exposed to 
solutions is enormously accelerated by the addition of small 
quantities of bicarbonates. It is believed by him that undissociated 
CO 2 cannot be an important factor in producing this effect, because, 
among other reasons, of the fact that certain other weak acids, of which 
bone acid is the clearest example, do not behave similarly. It can, 
however, be shown theoretically that not all weak acids could be ex- 
pected to have this effect; boric acid happens to be a particularly 
unfavorable one. A much more suitable acid would be H 2 S, which in 
the magnitude of its dissociation constant and in the ability of its 
undissociated molecules to enter cells readily closely resembles carbonic 
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acid. It has been found that Na^S does, in fact, approach NaHCOa 
in its effectiveness in accelerating hemolysis by NH4CI; control experi- 
ments indicate that the formation of sulph-hcmoglobin is not an 
important factor in producing this result. It lias also been found 
that NH4 benzoate and NH4 salicylate have a remarkaiile power of 
reversibly inhibiting hemolysis by NH.i salts of strong acids, in which 
presumablj'’ penetration of the cell by anions is involved, iiut that this 
effect is lacking in the case of the NH4 salts of weak acids and in that 
of non-electrolytes. The fact that the bicarbonate effect on MH.1CI 
hemolysis is not inhibited by the presence of benzoates and salicylates 
is perhaps further evidence of its essentially molecular nature. 


Eelative Biologic Effectiveness of Eoentgen Eays and Neutron 
Rays. — R. E. Zirkle (Eldridge R. Johnson Foundation, University of 
Pennsylvania). Recent developments in atomic physics, notably the 
discoveries of the neutron and of artificial radioactivity, promise to 
furnish powerful methods in biology and medicine. 

Experiments with neutrons (speedy, uncharged particles of mass 
equal to that of the ordinary hydrogen atom) have been carried out 
in the Radiation Laboratory, University of California, Prof. E. O. 
Lamrence, Director. One Roentgen (air ionization unit) of neutrons 
was found to be equivalent to 20 Roentgens of Roentgen rays in retard- 
ing growth in wheat seedlings. This difl’erence in action between 
Roentgen rays and neutrons indicates an imperative need for a direct 
and complete investigation of neutrons as a technique for tumor therapy. 

The elements which can be made radioactive include many which 
are normal constituents of lirang matter. Tliese promise to become 
valuable tools in following the movement and metabolism of substances 
in biologic systems. 

Nuclear chemistry, a whole new field dealing with the reactions of 
atomic nuclei, offers new methods of qualitative and quantitative 
analysis. The nuclear reactions of some elements are more character- 
istic and easier to measure than the ordinary, or electronic, reactions. 
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ORIGINAL ARTICLES. 

THE SIGNIFICANCE OF NORMAL AND MORBID FORMATION 

AND DISTRIBUTION OF CELLULAR AND NON-CELLULAR 
CONSTITUENTS OF BLOOD AND LYMPH.* 

By John L. Yates, M.D., 

DIRECTOR OF CANCER INVESTIGATION, MILWAUKEE COUNTY HOSPITAL, 
MILWAUKEE, WISC. 

The identical objectives of medical workers, whatever be their 
laboratory and clinical endeavors, are to acquire and to apply 
knowledge needed to improve, devise and to utilize therapeutic 
methods that will minimize disabilities and thus prolong active 
life. Objectives can be attained by assisting people to develop, 
conserve and transmit to offspring the capacity to produce life- 
sustaining, health-maintaining and health-regaining groups of 
functions. Means to attainment are indicated through realization 
that the efficacy of each group of, these fundamental functions 
depends upon production, equable and economic distribution of an 
adequate volume of blood and lymph of requisite quality. 

Consequently, the methods assuring the utmost efficacy in preven- 
tion and treatment of antigenic and non-antigenic diseases are 
ultimately disclosed by hemology, which includes hemo-lympho- 
plasmology and hemo-lympho-cytology ; i. c., the structure, functions 
and modes of production and storage of each non-cellular and cellular 
constituent of blood and lymph and knowledge of activities respons- 
ible for wholesome and unwholesome modes of distribution of blood 
and lymph. Information needed to select and adroitly to utilize 
appropriate measures is derived from all sources — personal and 

* Address of Chairman, Section of AMominal and General Surgerj’, American 
Medical Association, Atlantic City, N. J., June 12, 1935. 
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family history, every manner of examination, clinical experience, 
etc., which will not be here discussed— but more particularly from 
normal and morbid physiology. 

Normal physiology has shoAvn that blood and I:;i,'uiph form the 
internal environment of a body (Bernard) which is separated from 
tissues by endothelial lining of cardiovascular wrJLs. Balance in, 
among (Bernard, 1869) and between (Hewson, 1774) the cellular and 
non-cellular constituents of blood and lymph, tog(itber with balance 
(equity) in the distribution thereof, is requisite to luealth. The cellular 
and non-cellular constituents of the internal environment fluctuate 
qualitatively and quantitatively with alterations in living condi- 
tions and the total volume of blood in more or less active circulation, 
volumes distributed to divers structures at varying velocities and 
expenditures of cardiac energy likewise fluctuate with living con- 
ditions. Healthful balance in, among and between constituents, 
balance in total and unit volumes of blood and cm economic dis- 
tribution are conserved by automatic adjustm ents (Cannon). 
Automatic adjustments are pressor and depressor influences that 
so regulate hemopoietic and cardiovascular activiti es as to restrain 
fluctuations in formation tind delivery of intercial environment 
within upper and lower healthful limits. Conseepiently, all bal- 
ances fluctuate between high (favorable) and lo'v (unfavorable) 
limits, and life-sustaining functions produced when balances are 
favorable have a wider margin of safety, when balar ices are unfavor- 
able, a narrower margin of safety. The duration of production of 
life-sustaining functions depends upon the inherent competence 
of hemopoietic cells, cardiovascular cells and the cells eifecting 
automatic adjustments and upon the exertion-rest intervals of their 
experiences. 

Morbid physiology has disclosed an almost ince ssant subjection 
of individuals to actions of pathogenic influences from conception 
until death. Unchecked pathogenic influences first reduce favorable 
to unfavorable balance in production or in distiTbution of consti- 
tuents of blood and lymph, or both, then convert an unfavorable 
balance that is incompatible with disease mto an. imbalance that is 
incompatible with health and finally increase the imbalance until 
it becomes incompatible with life. Pathogenic influences awaken 
additional aiitomatic adjustments (resistance, defense and repair) 
which tend to check them. If these adjustmentf, are more or less 
effective they conserve favorable or unfavorable balances (health- 
maintaining functions); if ineffective for shorter C)r longer intervals 
and then become effective, they convert imbalajuce (disease) into 
balance (health-regaining functions); if persistently less ineffective, 
they protract; if more ineffective, they fail to protract production 
of life-sustaining functions. 

Antigenic influences, exerted from establishment of a fetal circu- 
lation until death, are the entrance into internal environment from 
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tissue or from external environment (maternal circulation in fetus) 
or irritating cellular constituents and viruses (parasites) or non- 
cellular constituents (foreign proteins; i. e., parasitic and non- 
parasitic antigens) vrhicli are, despite filtration by vascular endo- 
thelium, lymph glands, lungs, liver, spleen, bone marrow and 
kidneys, rapidly disseminated in some measure throughout the body. 
Automatic adjustments aroused bj'^ antigenic influences are local, 
intermediate and systemic responses. Local responses are evoked 
by irritation of tissue into which parasites are primarily implanted 
and in which antigens are primarily diffused. Intermediate re- 
sponses are caused by irritation of vascular endothelium through 
which parasites and antigens pass into lymph and blood, the divers 
Ijonph’and blood filters through which the Ijunph and blood flow 
and the vascular endothelium through whieh parasites and antigens 
pass from the lymph and blood to enter, vascular walls and peri- 
vascular tissues. Systemic responses are occasioned by irritation 
of tissues by parasites and antigens that have passed into them 
through vascular walls. Automatic adjustments produce and intro- 
duce into the internal environment counterirritating cellular (in- 
creased leukocytes) and non-cellular (antibody) constituents which 
are rapidly dissemina.ted and delivered through vascular walls into 
tissues containing parasites and antigens. If these adjustments 
are effective, they inactivate or destroy parasites and neutralize 
antigens promptly (health-maintaining functions) or after an inter- 
val of illness (health-regaining functions). If less ineffective, they 
protract, if more ineffective, fail to protract, production of life- 
sustaining functions. A continuous presence of antigens in and the 
repeated entrance of parasites into the internal environment 
necessitates an equally continuous formation of increased numbers 
of appropriate forms of leukocytes and an elaboration of antibodies. 
Thus the divers cells productive of health-maintaining and health- 
regaining functions requisite to survival are kept, so long as not 
incapacitated, in the state of active preparedness required to provide 
resistance and defense against the inevitably recurring more or less 
potent antigenic irritations. 

Hemopoietic and cardiovascular cells and those productive of 
automatic adjustments (pressor and depressor nerve impulses, 
hormones, etc.) inherit strength or weakness and are beset from 
conception until death with non-antigenic influences; namely, the 
wear of usual, the tear of unusual modes of living, actions of non- 
antigenic irritants, etc., which, together with antigenic influences, 
determine the duration of cellular competence. Incompetence of 
these groups of cells tc. which antigenic influences may contribute 
can introduce fluctuations in their activities that exceed upper and 
lover healthful limits; c. g., polycytoses or cytopenias, hjqier- or 
.i.\poglycemia, hyper- or hypothiTOxinemia, mental and nervous 
instability, inequable (Raynaud’s) and uneconomic (hypertension) 
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distribution of unit and gross volumes of blood. Automatic adjust- 
ments aroused by non-antigenic influences consist of compensatory 
and adaptive alterations in structure and function of some cells to 
offset subcompetence in others. If the adjustments are immediately 
effective, they conserve balance (health-maintaining functions); 
if later they become effective, they restore balance (health-regaining 
functions) ; if persistently less ineffective, they ])rotract, if more inef- 
fective, fail to protract production of life-sustaining functions. 
The wear of usual modes, the restricted stress of less unusal inodes 
of living and of milder irritations provide exercise whereby all but 
frail cells acquire strength so that non-antigenic influences tend to 
conserve and to raise the competence of cells productive of life- 
sustaining, health-maintaining and health-regaining functions. 
Antigenic influences can introduce non-antigenie diseases and vice 
versa, so combinations of both forms of disease are not infrequent. 

Means to attainment of therapeutic objectives through coordi- 
nated laboratory and clinical efforts are indicated by normal and 
morbid physiology and experience. They are to establish hemologic 
data from repeated detailed examinations of the constituents of 
the internal environment and of the modes of their distribution and 
to interpret these data in eonjnriction with all other information. 

The requisite data will answer the following questions: 

Is there balance or imbalance in either blood and lymph forma- 
tion or circulation, or both? 

Prevention. Is any balance revealed by mean level of inevitable 
fluctuations favorable or unfavorable? If a balance is favorable, 
what measures will conserve it and thus continue insusceptibility by 
protecting the competence of cells productive of life-sustaining, 
health-maintaining and health-regaining functions? If a balance 
is unfavorable, is it regressing, stationary or progressing? Is reduc- 
tion from favorable to unfavorable balance attributable to actions 
of antigenic, non-antigenic influences or both ? How can pathogenic 
influences be eliminated without imposing additional handicaps? 
If an unfavorable balance is regressing, how can the person be 
assisted to regain and maintain a favorable balance? If stationary, 
how can regression be introduced and promoted? If progressing, 
how can an increasing unfavorable balance be arrested liefore it 
has exceeded healthful limits (susceptibility), regression be intro- 
duced and promoted? Repeated examinations furnish data that 
will determine whether the measures as they are being employed 
are efficacious or inefficacious, how they should be modified, how 
long they should be continued and when they should be reintro- 
duced. 

Treatment. Is the mean level of any imbalance high or low, 
acute or chronic, regressing, stationary or progressing? Is an im- 
balance attributable to actions of antigenic, non-antigenic or to 
both influences and how can pathogenic influences be eliminated 
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or reduced without adding more than transiently and immaterially, 
if at all, to existing burdens? If an imbalance is regressing, how 
can an individual be assisted to regain balance (recovery), to rees- 
tablish (acquired insusceptibility) and to maintain a favorable 
balance (acquired immunity)? If stationary, how can regression 
of an imbalance be inaugurated and facilitated? If progressing, 
how can an imbalance be arrested before it has exceeded recover- 
able or viable limits and regression be introduced and fostered? 
Repeated examinations will furnish data that will indicate the 
efficacy or inefficacy of measures as they are being employed, sug- 
gest modifications or other methods, the duration of beneficial 
employment and when reemployment will obviate recrudescence. 

We must recognize our obligations to assist people to acquire 
and to conserve favorable balances or to regain and to maintain 
the most favorable or least unfavorable balances or imbalances 
eireumstances permit. Satisfaction of those obligations demands 
not only the timely utilization of appropriate non-operative and also 
frequently of operative measures of established efficacy, but also 
the extension of thjs effort as information increases. It is not perti- 
nent here to try to summarize actual and potential accomplishments 
with available knowledge and measures nor to attempt to suggest 
lines of endeavor that would widen the scope of accomplishments. 
If we realize that immunologic part of morbid physiology defines 
means to combat antigenic influences and morbid physiology dis- 
closes methods to combat non-antigenic influences, we can find 
dependable therapeutic indications from limited knowledge of and 
investigative indications from ignorance of (1) cellular; (2) non- 
cellular; (3) both cellular and non-cellular constituents; (4) the 
distribution of (5) and storage of both with provision of margins 
of safety. 

1'. What are the numbers and functions in health and disease 
of each variety of corpuscle and of platelets and what are the 
favorable and unfavorable influences that govern their production? 
What is the competence of these corpuscles and of the cells producing 
them as revealed by numbers and by proportions of immature, 
mature and senile forms ? What are the inter-relationships shown 
by monocj'te-lymphocyte, large lymphocji;e-small Ijonphocyte, 
monocyte-neutrophil, eosinophil-neutrophil, and basophil-neutro- 
phil ratios? Do the numbers, proportions and ratios indicate a 
favorable balance, an approaching or existing imbalance? '\Wiat 
is the existing degree of competence or grade of incompetence of 
hemocytoblasts and how can their welfare be best served according 
as an active pathogenic influence be antigenic or non-antigenic? 
(Ilemology has been dominated overlong by hemoej’iology, indeed 
by hemocytomorphology, just as pathology has been subjected to 
the benumbing influence of morbid anatomy. Valuable as is knowl- 
edge of alterations in numbers, proportion and ratios of corpuscles, 
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there are other alterations in the entire blood that are too frequently 
ignored and often furnish even more significant information.) 

2. What is the volume of each constituent of blood plasma and 
lymph (water, proteins, carbohydrates, electrolytes, vitamins, 
hormones, chemical intermediaries in transmission of nerve impulses, 
anabolic and catabolic products, antigens, antibodies, etc.) ? What 
are the relation.ships or ratios between the constituents; c. g., water 
and solids, albumins and globulins, divers salts, carbohydrates, 
vitamins, fats and pressor and depressor hormones and intermediar- 
ies of nerve impulses, antigens and a))tibodie.s, etc.? Do the vol- 
umes, physicochemical attributes and ratios indicate a favorable 
balance, an approaching or existing imbalance? What is the com- 
petence or incompetence of ceils producing non-cellular consti- 
tuents? How can those cells be protected or their rehabilitation 
be promoted if the pathogenic influences are antigenic or non- 
antigenic? (Great as has been the advance in knowledge of the 
constituents of lymph and plasma, it is little more than introduc- 
tory.) 

3. What is the concentration of the plasma ? Does it provide the 
wholesome degree of viscosity (normal sedimentation rate) requisite 
to appropriate distribution with optimum expenditure of cardiac 
effort? Is concentration of plasma raised (retarded sedimentation 
rate) or lowered (accelerated sedimentation rate)? Is sedimenta- 
tion unduly retarded because of disproportionate increase in cor- 
puscles (potycytheraia vera)? Is it healthfully retarded by an 
unusual surplus of antibodies effecting a favorable balance in antigen- 
antibody ratio? Is sedimentation unduly hastened because an 
excess of antigenic irritants unneutralized by antibodies or a surplus 
of non-antigenic irritants present in the plasma have effected a 
withdrawal of \vater from tissues to dilute them and promote their 
elimination? (Hastened sedimentation caused by excess of nn- 
neutralized bacterial antigens w^as noted by Hewson, in 1774, 
as an increased huffy coat on surface of blood clots after phlebotomy. 
Accelerated sedimentation if provoked b.y presence of non-parasitic 
foreign proteins in plasma can be estimated as urticaria develops. 
Francis D. Murphy has observed the development of hastened sedi- 
mentation with rise of N.P.N. because of acute nephritis and of 
slowing of sedimentation as renal lesions subside. Obstructive 
jaundice introduces an irritating excess of bile salts into blood and 
hastens sedimentation. Hemolytic jaundice does not introduce 
such irritation and sedimentation is not accelerated, may even be 
retarded.) 

4. Is equable distribution in healthful states associated with 
homogeneous mixture of constituents of plasma and homogeneous 
distribution of corpuscles in plasma whether circulation is more or 
less rapid? When there is inflammation, are appropriate leukocytes 
drawn to the periphery of the plasma in smaller vessels as a first 
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stage in migration by chemotropism of antigenic and non-antigenic 
(fibrin) irritants in the tissues? Are platelets similarly drawn to 
the periphery of plasma in vascular injury or inflammation? What 
cardiovascular .and vasomotor states conserve and disturb the 
homogeneity of mixture and the usual proportions of all consti- 
tuents of internal environment? Are such anomalies the cause or 
consequence of ineciuable distribution and if so, how are they cor- 
rectable? Is arteriolar constriction the ultimate cause of essential 
hypertension? Does the constriction affect all arterioles or is it 
sometimes more pronounced in splanchnic vessels, sometimes in 
the systemic? If this explains ivhy divers methods of treatment are 
dissimilarly efficacious, how can the distribution of constriction be 
recognized? (Efforts now being piade to correct inequable and 
uneconomic distribution will eventually disclose the causes and 
establish prophylaxis.) 

5. What are the extravascular and intravascular sites of storage 
for surplus cellular and non-cellular constituents ? What influences 
regulate the storage of surplus constituents and withdrawals from 
storage of constittuents needed to preserve balances? How can 
margins of safety be protected against shortages? When should 
potential shortages be prevented or actual shortages be covered 
by intravenous introduction of unmodified whole blood or of certain 
constituents; e. salt, sugar? (Antibodies, because some forms of 
parasitic or non-parasitic antigens are ever present in tissues and 
in internal environment, are quite the most potent single contribu- 
tion to health-maintaining and regaining functions upon which 
survival depends. All cells are repeatedly subjected to actions of 
antigens, virtually all cells elaborate antibodies, particularly the 
reticuloendothelium in lymph and blood filters. Surplus anti- 
bodies are distributed in lymph and blood and stored in tissues 
most liable to invasion by parasites, to infiltration by antigens (c. g., 
skin and subcutan.eous fat, mucosae and submucosae, serosae and 
subserosae, fascia (delimitating regions and vascular endothelium) 
and in tissues harboring parasites. So long as antigen-antibody 
balance obtains, the numbers, proportions and ratios of leukocytes 
and the rates of sedimentation are wholesome vnless oihentnse altered. 
An excess of parasitic or of non-parasitic antigens in the internal 
environment effects almost immediate alterations in numbers and 
ratios of leukocytes and accelerates sedimentation. Recognition 
of these anomalies, if slight, may be difficult, but they usually are 
unmistakable and with other information are diagnostic and prog- 
nostic. This, proof of the deficits in antibodies, likely the storage 
thereof, indica tes the nature of aid to be given (c. g., immune sera, 
ordinary and immunotransfusions of unmodified blood, glucose, 
etc.) if any be needed to protect or to hasten rehabilitation of the 
blood-forming a nd distributing structures.) 
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Sximmary. Formation and distribution of tlie constituents of 
blood and lymph are the fundamental functions of the living wherein 
every cell of a body participates. 

Hemology; i.e., hemo-lympho-c\’tology, hemo-lympho-plasmology 
and knowledge of the activities providing circulation and .storage 
of the constituents of blood and Ijmijih is consequently the basis 
of medical effort. 

Qualitative and quantitative fluctuations in the constituents of 
blood and lymph, fluctuations in the total and unit volumes, in 
velocities, destination, storage and withdrawals from storage and 
utilization of proportions of blood and lymph are concurrent with 
changing living conditions. 

Restrictions of fluctuations within wholesome limits maintains 
balances which are requisite to health. 

Early recognition and interpretation of untoward alterations in 
constituents or in their distribution and storage reveal approaching 
or incipient disease (imbalance) indicate the antigenic or non-anti- 
genic provocative influences and the most propitious preventive 
or corrective measures. 

Repetition of examinations will establish the efficacy or inefficacy 
of measures while they are being employed by disclosing a reduction 
or an increment in untoward alterations and thus revealing progress 
toward or away from restoration and conservation of favorable 
balance upon which enduring recovery depends. 

Additional knowledge is required to recognize lesser untoward 
alterations and wider ex-perience to interpret them with dependable 
accuracy. 

An appreciation of normal and morbid physiology that supple- 
ments hemology is requisite to progressive medical education and 
practice and to the investigations conducted in clinic and laboratory 
that will provide additional information imperatively needed. 


HEMOLYTIC ANEMIA IN CARCINOMATOSIS OF THE 
BONE MARROW. 

,By Theo. R. Waugh, M.D., 

ASSISTANT PROrfiSSOB OF PATHOLOGY, JIC GILL UNIVERSITY, 

MONTREAL, CANADA. 

(From the Department of Hematopathology, Pathologioal Institute, McGill Uni- 
versity, Prof. Horst Oertel, Director.) 


It is a well recognized fact that profound changes often take place 
in the blood of persons suffering from malignant tumors. Far too 
frequently these are dismissed quite readily by the clinician on the 
basis of cachexia, without any effort being made to arrive at a 
satisfactory explanation. Such an attitude is as deplorable as the 
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once frequent use of the term “secondary” to designate all anemias 
which were not of the Addison-Biermer type. While there are 
exceptions, it is undoubtedly true that in the vast majority of 
cases of malignancy, one is able by careful study to arrive at a quite 
logical and satisfactory explanation of the hematopoietic disturbance. 

If an attempt is made to analyze the causes of alteration in the 
morphologic blood picture in individuals with malignant growths 
(and by this we refer especially to cancer), one can find a very 
natural division into what might be called primary and secondary 
causes. Primary causes play a role when the abnormality of hema- 
topoietic activity is brought about directly through the cancer cells 
themselves or chemical substances arising from them, that is their 
metabolic or excretory products. On the other hand, among the 
secondary causes we group those disturbances which result from 
the effect which the tumor growth exerts on other parts of the body 
and hence indirectly on the blood forming organs. 

Before going on to a discussion of the changes in the blood due 
to the primary causes, it might be well to take up those resulting 
from secondary causes, as these are much more common and the 
mechanism of production for the most part is more obvious. These 
explain many of the changes which are frequently attributed to 
cachexia. 

In a great many cases examination of the blood reveals a typically 
posthemorrhagic anemia. This is particularly the case in tumors of 
the stomach, large bowel, rectum and uterus. Persistent hemor- 
rhages may occur from growths in these locations. Many times 
this loss of blood is not recognized until a very grave anemia results. 
Frequently in cases of carcinoma of the stomach with their accom- 
panying achlorhydria, superficial examination of the blood has led 
to a diagnosis of pernicious anemia. This is in the vast majority 
of cases not a true pernicious anemia, but simply the result of a 
persistent blood loss, and careful examination shows that the blood 
findings lack all of the pathognomonic features of Addison’s anemia. 
The cells are small with low hemoglobin concentration and if 
nucleated reds are present they are of the normoblastic or macro- 
blastic type, in contrast to the megaloblastic forms of pernicious 
anemia. INIoreover, there is not the reduction of myeloid white 
blood cells nor the thrombocytopenia and bilirubinemia of per- 
nicious anemia. 

Very rarely tliere do occur, however, cases of carcinoma of the 
stomach with the characteristic blood findings of pernicious anemia. 
We have one such in our records in which after a tjqiical and rapid 
improvement in the anemia following liver therapy, the diagnosis 
of malignancy was confirmed by operation and histologic examina- 
tion of the stomach. Whether these cases are to be interpreted as 
extraordinary combinations of the two conditions or whether the 
carcinoma plays a role in the production of the pernicious anemia. 
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is at present uncertain. In the light of onr jn-esent knowledge it 
seems cpiite reasonable to ])re.sumc that exteiKsii-e inalignanc^^ in 
this organ might so disturb its functional activity as to lead to the 
particular changes necessary for the production of this specific form 
of anemia. On the other hand, it is extraordinary that the complica- 
tion does not occur much oftener than careful analysis of the blood 
reveals. 

In contrast to these cases showing posthemorrhagic anemias 
which really explain many of the anemias associated ivith cancer, 
we not infrequently encounter cases showing an increase in the 
number of red blood cells over the normal. These result for the 
most part from two main causes. First, in cases where, as for 
instance, in carcinoma of the esophagus the fluid intake is reduced 
and an anhydremia results, due to its cpiantitativc reduction. In 
these cases we have a type of pseudopolycythcmia and they may 
be readily recognized by the very high refraction index of the blood 
plasma. A second cause for increase in the red blood cells is anox- 
emia resulting from tumors of the thorax which interfere ivith the 
proper aeration of the blood. In these a true polycythemia, though 
of symptomatic type, results and figures well over 6,000,000 red 
cells per c.mm. may occur. 

Turning more particularly to the changes in the white cells of 
the blood, it is very frequent in malignant tumors to find a leuko- 
cytosis. Differential examination shows as a rule an increase in 
myeloid cells, particularly the neutrophils and monocytes. The 
neutrophil forms often show more or less immaturity, that is a 
shift to the left, and frequently a comparatively large number of 
m}^eloc 3 '^tes. The eosinophils ma^’’ or ma.y not be increased and 
very often the lymphocytes are reduced. Many of these changes in 
the white cells are readily explained on the basis of inflammator^’^ 
reactions which often accompany the tumor growth; while in those 
cases in which the blood loss has occurred the leukocjdosis veiy 
likely, in part at least, is due to associated leukopoietic activitj'^ of 
the bone marrow. 

Eosinophilia seems more particularly to occur in cases of lung 
involvement and may bear some relation to the associated bronchiec- 
tasis. The platelets of the blood are quite frequentlj^ numerous 
and it is rare, except in the more ex-traordinaiy pictures resulting 
from primary causes which we shall discuss later, to find any 
thrombocj'topenia. 

A hemorrhagic diathesis, however, may result from secondary’’ 
causes in cases of obstruction to the bile ducts with jaundice and 
here it is interesting to note that the severity of the hemorrhagic 
condition seems to stand in more intimate relation to the length of 
time which jaundice has existed than to its severity. This suggests 
that it is not so much the jaundice as associated dysfunction of the 
liver parenchyma which lies at the basis of the prolonged bleeding. 
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In many cases of malignant growths the color of the blood plasma 
is not changed and there is no marked bilimbinemia. However, 
where obstruction to the bile channels, as mentioned above, occurs, 
a high bilirubinemia results with the typical van den Bergh findings 
of obstructive jaundice. Chemical examination of the plasma, in 
rapidly spreading growths, shows relatively early an increase in 
globulin and a decrease in the albumin proteins. This wou d appear 
to be one of the principal causes of the rapid sedimentation velocity 
and quite likely results from the destruction of tissue which occurs. 

Returning now to the primary causes of changes in the blood in 
malignant tumors, we are treading for the most part on theoretical 
ground. Under this category we have to include changes which 
are directly referable to the presence of the cancer cells themselves 
in the hematopoietic organs, or changes which they effect in the 
blood cells through metabolic or chemical products liberated by 
them. Many of these anemic conditions in cancer are dismissed 
rather cursorily on the basis of ‘Tachetic” changes; but if one 
attempts to analyze them more carefully, it is found comparatively 
difficult to derive from this phrase any satisfying explanation. The 
question naturally arises first, whether “malignant” cells more par- 
ticularly cancer cells, phagocytose the red blood cells in sufficient 
numbers to produce an anemic state. In our experience this seems 
very doubtful. It is not uncommon to find iron pigment in cancerous 
tissue, but on the other hand many times it is absent and its pres- 
ence seems to depend upon and be in direet proportion to the 
amount of hemorrhagic extravasation of blood in the tissues. Pig- 
ment is liberated in these extravasated areas, but it is doubtful if 
any appreciable phagocytosis of the erjdhrocytes by the cancer 
cells occurs. 

It has been recognized for some time that in certain, though not 
all, cases of extensive metastases of cancer in the bone marrow, 
profound changes may take place in the blood. These consist of 
the presence of a large number of nucleated red cells, even though 
the anemia may not be severe. In addition myelocytes and even 
myeloblasts may be thrown into the circulation. In fact, these 
changes have been looked upon by hematologists for some time as 
suggestive, in certain cases, of metastatic carcinoma of bone. They 
generally have been explained on the basis of irritative effects on 
the myeloid tissue caused by the presence of the neoplastic cells. 
The fact that some cases of very extensive and diffuse metastases 
in the bone marrow may run their course without these Ijlood 
changes has led to the general belief that the influence exerted by 
the cancer cells is not a mechanical disturbance, but rather due to 
“toxic” eflects exerted by the cells upon the neighboring prolifer- 
ating myeloid tissue. Why this effect should take place in some 
cases and not in others has not been exjilained. Moreover, it has 
been observed, particularly in cases of metastatic carcinoma of 
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bone with anemia, that tlie anemia was of hypcrcliromic type with 
high color index. By this we do not mean that tlie blood picture 
was in any way diagnostic of pernicious anemia, but rather that a 
macrocytic anemia with a preservation of high hemoglobin concen- 
tration was found. 

Another change which has occasionally been reported in cases of 
generalized carcinomatosis is the presence of a considerable amount 
of hemosiderosis in the liver and spleen. This has been ex]ilaincd 
on the basis of “toxic” effects from the cancer cells leading to 
hemolysis of the erj^throcytes in the vicinity, the pigment then 
being borne by the blood stream and stored in the reticulocyte of 
the spleen and liver. While such a theory is inviting, it is rather 
difficult to substantiate it. 

It is quite obvious, therefore, from tliis rex'icw of our knowledge 
of blood changes in carcinoma, that those arising from secondary 
causes seem well established and their ex'planation is fundamentally 
sound, but that the changes attributed to primary causes remain 
indefinite and are covered by that common cloak of ignorance, the 
term “toxin,” which is itself unsatisfactory in the final analysis. 

It seems, therefore, worthwliile to record detailed and com])letc 
blood studies on two of these cases which seem to enable us to form 
a somewhat clearer conception of the basis and mechanism of the 
effect of some of these primary causes. These findings would scorn 
to correlate and bring together into a more reasonable cx])lanation 
some of these blood disturbances. 

Case Reports. Case l.~The case which first brought this to our atten- 
tion was that of a traffice officer, aged 58, who entered tlie hospital Sep- 
tember 25 complaining of loss of -weight, loss of appetite and general rundown 
condition for the past 6 months, aching pains in the legs for G months, 
impaired vision, diplopia, vomiting after meals, ringing in the ears and 
impaired hearing on the right side for 4 months. 

The patient had enjoyed exceptionally fine health until the onset of the 
present illness 6 months previous to admipion. At that time he had what 
he believed to be an attack of grippe with development of pain in both 
legs. Since then he had never felt well. About 2 weeks after the onset 
he lost his appetite and his weight dropped from 225 to 153 pounds. His 
wsion gradually failed and recently his family noticed a prominence of 
his left eye and s-welling about it. 

Physical examination showed temperature and respirations normal, with 
pulse 94. His general appearance was that of a very emaciated man of 
stated age, slightly lethargic but intelligent and cooperative. His sldn 
and mucous membranes were very pale. There was a definite swelling in 
the left temporal region causing protrusion of the left eye. The liver was 
palpable 4 cm. below the costal margin and a small hard mass could be 
felt to the right and above the umbilicus. The spleen was not palpable. 
The inguinal glands were hard and immovable and considerably enlarged. 
Rectal examination showed the prostate to be fixed and very hard -with 
obliteration of the median furrow and induration extending into the adjacent 
structures. 

Laboratory examination showed the urine to be acid with a faint trace 
of albumin and specific gra-vity 1.012. The Wassermann reaction was 
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negative. Roentgen ray examination of the lumbar yertebraj, pelvis, ribs 
and scapula? showed sclerosing bone changes suggestive of secondary car- 
cinoma. There was no evidence of metastases in the lungs. The body of 
the twelfth dorsal was collapsed. The skull was negative. 

Morphologic Blood Examination. Red blood cells, 1,900,000; white blood 
cells, 3000; hemoglobin, 35% (5.46 gm. per 100 cc.^, color index, 0.92; red 
blood cells stain well. Marked anisocytosis and poikilocytosis. Moderate 
polychromatophilia. No punctate basophilia or nucleated reds. Reticu- 
lated reds, 6%; fragility, markedly increased; corpuscle volume, 16%; 
averaged corpuscle volume, 84 cu. /x; Hemoglobin concentration, 0.97; 
sedimentation velocity, very rapid. 

Wiite blood cells (400 examined) : 



% 

Per o.mni. 

Neutrophils 

. . . 61.25 

1837 

Eosinophils 

2.0 

60 

Mast cells 

. . . 0.25 

8 

Monocytes .... 

... 4.5 

135 - 

Lymphocytes 

32.0 

960 


Reduction in aU forms, particularly myeloid elements. 

Platelets, 86,000; irregular in size and shape. 

Bleeding time normal. Coagulation: fibrin, 3 min.; congealing, 6 min.; 
with calcium, 6 min.; retraction present. 

Plasma, pale yellow vdth greenish tinge. Refraction, 49. 

Van den Bergh: Direct: prompt, negative; delayed, positive; indirect: 
2 units bilirubin. 

Microscopic Fragility Test: 



Unhomo- 



Uzed +000 

% 

Tube 100 . ... 

. . 1500 

100.0 

70 . 

. . . 1020 

68.0 

65 ... 

. . 800 

53.0 

00 

540 

36.0 

55 

. . . 140 

9.3 

50 . 

. ... 40 

2.7 

45 . 

. . 0 

0.0 

40 

0 

0.0 

35 . 

. . 0 

0.0 

30 

0 

0.0 


The morphologic blood picture shows striking changes which point dis- 
tinctly to a severe hemolytic t 3 ’^pe of anemia mth interference ivith bone 
marrow activity. The hemoljdic character of the anemic condition is 
shorni by the number of reticulated red cells, the markedly increased fragil- 
ity of the erjdhrocjdes, the bilirubinemia with a delaj'ed, positive, direct 
van den Bergh reaction and the preservation of a high hemoglobin con- 
centration. 


The general mj^elophthisic character of the blood picture is indicated 
by tlie marked reduction in mj'-eloid white cells, the thrombocytopenia and 
the lack of nucleated reds. 

It seems fairlj’^ certain, therefore, that tliis blood picture is the result of 
a combination of two factors: (1) a hemolytic process and (2) a general 
interference with myeloid actmty. 

y^’fprtunatelj' this patient was discharged from the hospital immediately 
following the blood examination and before the results had been received 
and the cxtraordjnarj’’ character of the case realized. Efforts to bring 
about a readmission were unsuccessful, and even more disappointing was 
the fact that we were unable to obtain an autopsj' at the time of his death 
approximately 3 months later. ’ 
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Although no biopsy was performed, there seemed little doubt the jratient 
was suffering from a primary carcinoma of the prostate with extensive 
metastases in the osseous syst,em. 

At this time we did not realize the possible significance of the 
severe hemolytic type of anemia and were inclined to attribute the 
combination of extensive carcinomatosis and this form of anemia 
to an extraordinary coincidence. 

Somewhat later, however, a second case came to our attention 
which, in a great many respects, was similar to the first, and this 
impressed upon us the fact that we were flea ling in both cases not 
with a coincident but rather with an associated and extraordinary 
form of reaction on the part of the hemato])oictic system in general- 
ized carcinoma of bone. Fortunately in the second case we were 
able to carry out a thorough clinical examination followed by 
autopsy findings. 


Case 2. — This case was that of a housewife, aged 49, who entered the 
Royal Victoria Hospital June 10, complaining of ixiin in the back and legs, 
weakness, dyspnea and palpitation. One year previous she had had the 
right breast removed at another hospital. The pathologist rcjiorted a 
rapidly gromng carcinoma situated immediately beneath the nipjile, with- 
out evidence of invasion of the deeper tissues or axillarj' glands. She 
remained in good health to within 3 months of the present admission, when 
the pain and wealoiess first appeared. 

Physical examination showed a sallow color with slight cyanosis, no 
glandular enlargement or jialpable masses, a purpuric rash over the chest, 
abdomen and lower back, the spleen enlarged down to the umbilicus and 
very firm, and the liver just palpable.. Temperature, 100° F.; pulse, 110; 
respirations, 25. 

Laboratory examinations showed the urine to be free of Bence-Jones 
protein, free acid of gastric contents 10° and total acid 20°, stools dark in 
color with no occult blood, and the Wassermann reaction negative. Roent- 
gen ray of the osseous system failed to show any rarefaction of the bones, 
but dark shadows were present in the lungs, suggestive of metastases. 

Morphologic Blood Examination. Red blood cells, 2,300,000; white blood 
cells, 8300; hemoglobin, 41% (G.4 gm. per 100 cc.); color index, 0.9; red 
blood cells: cells on average small, but stain well. Few macrocytes. 
Marked anisocytosis, slight poildlocjffosis and polychromatojihilia. No 
punctate basophilia. Twenty-two nucleated reds in 300 white blood cells, 
as follows: 3 orthochromatic and 13 polychromatic normoblasts; 3 poly- 
chromatic and 3 basochromatic macroblasts. Corpuscle volume, 18%. 
Average corpuscle volume, 78 cu. m. Hemoglobin concentration, 1; retic- 
ulated reds, 8%; fragility, markedly increased. 

White Blood Cells (300 examined) : 

% Per c.mm. , 

Neutrophils -14.0 3702 

Metamyelocytes 4.0 332 

Oxy. myelocytes 12.6 1046 

Neutrophilic myelocytes 6.6 648 

Eosinophils 2.0 166 

Mast cells .... 1.0 133 

Monocytes 8.3 089 

Lymphocytes .... 20.3 1084 


Many inunature and perverted myeloid forms. 

Platelets: 26,000; scarce, but normal size and shape. Bleeding time 
moderately prolonged. Coagulation: fibrin time, rapid; congealing time. 
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prolonged (20 minutes); calcium time, prolonged; retraction slow but 

Hasrna, dark yellow mth marked greenish tinge. _Va.n den Bergh: 
direct; prompt, negative; delayed: strongly positive; indirect; strongly 
positive, 6 units bilirubin. 

The blood picture is that of a hemolytic anemia with other extraordmary 
f G^^VIX'GS 

The erythrocytes show an increased fragility with a considerable number 
of reticulocytes. They tend to preserve a good hemoglobin concentration, 
as is the rule in hemolytic conditions. In addition there is a considerable 
number of nucleated red cells in various stages of development. Some of 
these are macroblastic forms. 

The leukocytosis is only slight, but there is a distinct tendency for imma- 
ture and perverted myeloid forms to enter the circulation. The reduction 
in platelets is marked and with this goes the prolonged bleeding time and 
alteration of the coagulation time met with in other tlirombocytopenic 
conditions. The bilirubinemia completes the picture. 

Here again the blood picture is; (1) a profound hemolytic anemia and 
(2) myelophthisic changes with thrombocytopenia and hemorrhagic 
diathesis. 

The patient rapidly declined and died on June 30. Autopsy showed 
extensive metastasis of the breast carcinoma in the lungs, liver, bone 
marrow and cervical and mediastinal lymph nodes. 

The neoplastic areas in the bone marrojv were extraordinary in that 
they consisted for the most part of emboli of tumor cells, definitely ivithin 
vascular channels. These cells had apparently proliferated there, dilating 
and distorting the walls, but only occasionally was there e\ddence of actual 
spread and growth among the myeloid elements. This did occur, however, 
with the formation of accompanymg fibrous stroma. The result of this 
high degree of vascular embolization was a profound circulatorj' disturb- 
ance, without appreciable actual displacement of functioning bone marrow 
elements by the neoplastic cells. Extensive hemorrhagic extravasations 
had occurred about the tumor plugs into the myeloid tissue, and in these 
disintegration of erythrocytes was obviously taking place. 

No positive evidence of phagocytosis of the red blood cells or their cell 
detritus by the cancer cells could, however, be demonstrated. In some 
meas the extravasation of blood into the marrow reached a mild degree of 
infarction. There was no granular pigment, and stains for iron were 
negative.^ In areas where the myeloid tissue was best preserved it was found 
to be actively erythropoietic with numerous erjdhroblasts in various stages 
of development. It was also very hemorrhagic. 

The spleen \yeighed 780 gm., was firm and the cut surface hemorrhagic. 
Histologic sections showed a large amount of blood in the pulp, consider- 
able myeloid metaplasia and many large phagocytic cells containing gran- 
ules of pigment, which gave a positive reaction for iron (hemosiderin). 
The parenchymal .cells of the liver also showed a large amount of similar 
pigment. No pigment, however, was present in large cancer areas else- 
where in the bodj\ 

Discussion. There seems no reason to doubt but what in this 
second case we are again dealing with a hemolytic anemia in gen- 
eralized carcinomatosis. It is, of course, possible that both these 
cases represent simple coincidents. However, it is difficult to 
explain them on this ground, and it seems much more reasonable 
to believe that the diffuse carcinomatosis involving the marrow 
is a distinct etiologic factor in the production of the hemolytic 
condition. 
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The histologic studies carried out on the l^onc marrow show 
extensive plugging of the larger vascular channels by the cancer 
cells which has led to the formation of extensive hemorrhagic extra- 
vasations. In some of these areas the extravasated, blood remains 
free, while in others there is distinct evidence that -it has undergone 
coagulation with the formation of fibrin and fusion and disintegra- 
tion of the red cells. It is a well established fact that such extra- 
vasated blood undergoes hemolj'sis with the formation and deposi- 
tion of hemosiderin, which might be taken by some as a satisfactory 
explanation of the hemolytic anemia. To our minds, however, 
such an explanation is not satisfactory. In the first place, it does 
not explain the increased fragility of the circulating erythrocytes 
nor does it explain the changes in the spleen, such as the engorge- 
ment by blood of the pulp with compression of the venous sinuses— 
a picture quite characteristic of hemolytic jaundice. 

We are, therefore, rather of the opinion that there may occur in 
the body, as a result of extensh'e carcinomatosis of bone, a general- 
ized alteration in hematopoietic activity, which is of such a nature 
as to lead to the changes necessary for the production of a tjq)ical 
hemolytic anemia. INIoreover, it is possible that the explanation 
of this phenomenon may lie in extensive embolization of the vascular 
channels of the myeloid tissue by tumor plugs with consequent 
profound circulatory disturbances and hemorrhagic extravasations. 

Whether the alteration in the fragility of the erjthrocytes to 
hjq)otonic salt solution, which was present in both cases, is of 
primary importance in the pathogenesis of the anemia or only a 
secondary phenomenon, is difficult to decide. Unfortunately studies 
were not carried out on the diameters of the red blood cells, so we 
are unable to state whether the shift to a smaller but tliicker, 
i. e., spherical, type of erjdhrocyte occurs here, as we have been 
able to demonstrate in other forms of anemia with increased fragil- 
ity. However, it seems to us a very interesting point, if our con- 
clusions are correct, that we have in these cases an example of a 
hemolytic anemia in which the primary etiologic factor is appar- 
ently definitely known, although the mechanism of production still 
remains in doubt. 

Moreover, as regards the incidence of metastases in the bones, 
there is no question but what a great many cases of tumor-spread, 
in which even Roentgen ray examination may fail to show evidence 
of metastases, nevertheless eventually disclose extensive involvement 
of the osseous system. The, frequency of metastatic involvement of 
bones by malignant tumors is much higher than is generally sup- 
posed, as was recently shown by Schmorl. By careful examination, 
both grossly and histologically, of the vertebral column, he was able 
to demonstrate the presence of metastases in 66% of all cancers of 
the prostate, 33% of primary cancers of the bronchi, 33% of bladder 
cancers and 40.7% of all sarcomata. Moreover, in similar examina- 
tions carried out on 500 autopsies of cases of malignant tumors of 
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various parts of the body, he was able to demonstrate vertebral 
metastases in 19.6% of the men and 15% of the woinen. These 
figures are most interesting, and certainly show the incidence of 
metastases in the bones to be much higher than has been previously 
believed. Undoubtedly many cases have gone unrecognized, where 
thorough studies of the bones were not carried out. 

Summary. Therefore, two facts confront us: first, that by a 
thorough and detailed examination of the blood we are able to 
demonstrate in certain cases of “malignant” growths a hemolytic 
form of anemia, which in the presence of more superficial examina- 
tion would likely be passed over as merely secondary or explained 
on the basis of cachexia; and second, that a more detailed and 
systematic examination of the bones in cases of these tumors reveals 
an extraordinarily high percentage of metastases in the osseous 
system. 

In the light of this evidence, therefore, we cannot but feel that 
a more thorough study in the directions indicated would possibly 
establish this phenomenon as not too uncommon a cause of the 
severe anemias in the presence of “malignant” growths. It seems, 
therefore, advisable to continue these investigations, and it is for 
the purpose of inviting these that this fragmentary report is offered. 
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Scope. In 1932 we presented a report' on the bacteriophage 
treatment of 15 patients with staphylococcus bacteremia. Since 
that time a few additional cases have been presented in the papers 
from our laboratory but there has been no published analysis of a 
series of consecutive observations. Now we have records of 1G3 
patients with staphylococcus septicemia for wdiom we have rendered 
bacteriophage service. Wo have chosen, however, to limit the 
present discussion to the 100 consecutiAm cases immediately fol- 
loAving in time the 15 reported in 1932, namely Patients IG to 
115. • Some of the more general features will he presented in this 
present paper and the more intimate study of the 100 patients Avill 
follow in the next paper. 

Consideration of the nature of bacteriophages, their sources, 
technique of propagation, titration, testing and packaging for clinical 
use Avill be omitted from this paper. We purpose here to consider 
the practical application of these lytic agents in the treatment of 
septicemia. This in itself is a research problem Avorthy of careful 
study. 

Diagnosis. The diagnosis of staphylococcus infection and bac- 
teremia requires some discussion. For our purpose, and for practical 
clinical work also, in our opinion, only the positiA^e blood culture 
or CAddence of metastatic localization of staphylococcus infection 
can be accepted as adequate proof of staphylococcus bacteremia 
and of these the blood culture occupies first position. The blood 
culture should be made in such a Avay as to yield the most conAdneing 
CAddence. We ordinarily draw the blood from the elboAv Amin into 
citrated saline solution in a Taylor* tube, avoiding any contact 
Avith the outside air. Coagulation is preAmnted bj’- mixing the blood 
Avith the citrate. Measured portions are then added to melted agar 
to produce a smooth mixture of agar and blood and plated before 
the medium becomes solid. Measured portions of the citrated blood 

* These studies have been aided by a grant from the Josiah Maoy, Jr., Foundation. 
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are also transferred to bottles of broth, some of which may be 
covered with sterile oil if desired, although this is unnecessary for 
growth of the staphylococcus. After the agar is solid all the cul- 
tures are placed at 37° C. Growth of the staphylococcus can often 
be recognized within 24 hours, nearly always after 2 days and very 
exceptionally the colonies may be first found on the fourth day. 
A count of the colonies affords an approximate measure of the 
number of viable bacteria per cc. of blood and comparison of the 
plates and broth cultures affords evidence of the reliability of the 
entire procedure. The positive blood culture is the point of depart- 
ure for preparation of the specific bacteriophage for the patient 
and under no circumstances should these plates and bottles be pre- 
maturely destroyed. 

Staphylococcus infection which has not yet invaded the blood 
stream may be recognized sometimes by experienced observers on 
the basis of clinical evidence, as for example in a furuncle, but, in 
general, a bacteriologic examination of exudate from the local lesion 
is necessary for accurate diagnosis. The early specific etiologic 
diagnosis of such local lesions may permit the proper early treat- 
ment to forestall a bacteremia. Once the infection of the blood 
stream has become established the local lesion becomes subordinate 
in importance, a fact sometimes not fully appreciated by the less 
experienced surgeon. At the moment we are not especially con- 
cerned in dicussing such local lesions, although local application 
of bacteriophage may be helpful. 

Therapeutic Technique for Septicemia. After the diagnosis of 
staphylococcus bacteremia has been established we have recom- 
mended the immediate use of our stock bacteriophage and at the 
same time the prompt preparation of a specific phage. This specific 
phage is prepared by subjecting a culture of the organism from the 
patient’s blood to lysis by a mixture of stock phages. The filtrate 
of this lyzed culture contains a potent bacteriophage adapted to the 
specific organism as well as specific bacterial proteins. The prepara- 
tion of this specific phage, including adequate sterility tests, may 
require 2 to 8 days. During this interval of waiting, the stock 
phage is employed in therapy. 

TMien there are recognizable local lesions we apply copious 
amounts of broth phage to the open surfaces and inject through a 
fine needle (gauge 27) the asparagin phage into the hunph spaces 
all about the lesion. These injections are repeated evers’ 24 to 48 
hours and the local applications are made at each dressing. Chief 
reliance, however, is placed upon the intravenous injections of the 
asparagin bacteriophage. Once the bacteremia is recognized we 
prefer to postpone operative procedures and transfusions for at 
least 24 hours and during this time, the intravenous bacteriopbage 
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injections are pushed to produce a shock reaction. Evidence of 
serious cardiac or pulmonary disease is reason for greater caution 
but even here we try to cause a “reaction.” 

The injections are made through a fine needle (gauge 27) and 
great care is exercised to avoid permanent injury to the vein. 
Ordinarily one makes the entire series of injections into the same 
site without extravasation or thrombosis. We like the flat tourni- 
quet^ of garter elastic, as it permits accurate adjustment of pressure, 
easy release by one hand and is less aniioying to the patient than a 
cylindrical tourniquet. We prefer, when possible, to keep away 
from the elbow veins, reserving these for transfusions and avoiding 
any responsibility for their dcstraction by the phage injections. 
Veins on the hands, forearms, feet, ankles and neck may be used to 
advantage. To preserve the vein one removes the tourniquet 
before beginning the injection and applies pressure over the punc- 
ture in the vein immcdiaicly upon withdrawing the needle, main- 
taining an adequate CATin pressure here for a full five minutes. 
This is best done by applying the tourniquet to hold the compres- 
sion pad. Leaving this after-care of the vein to an uninstructed 
nurse often results in extravasation of blood. Elevation of the part 
and rest from movement are helpful. While we shall not cite 
specific examples, there are in our scries instances in which intra- 
venous therapy was discontinued because of technical difficulty 
in keeping the veins in good condition during the many injections 
required. 

We begin with a small intravenous dose, ordinarily 0.5 cc. but 
sometimes with as much as 2 cc. if the colony count in the blood is 
above 50 per cc. The doses are spaced at approximately 45 minutes 
and are increased in arithmetic progression 0.5-1-2-3-4-5-6-7-S-9- 
10 cc. and then continued as 10 cc. doses until about 100 cc. total 
amount has been administered. Then one increases to 15-20-25 
or even 30 cc. at one injection. If a shock occurs at any time during 
the series the injections are discontinued for 8 to 20 hours or until 
the next morning. If shock does not occur the prognosis is not so 
good. Therefore we like to persist, but it is probably wise to stop 
at a total of 100 cc. in children under 5 years, 200 cc. in those under 
15 years and 300 cc. in older persons, even if no reaction appears. 
In such cases one makes a renewed attempt to shock the patient on 
the third or fourth day or as soon as a specific phage is ready. 
Rectal temperature is recorded every hour while the series of injec- 
tions is being given. 

When there is reason for greater haste the doses may be increased 
more rapidly in series, as for example, 1-2-4-8-12-16-20-25-30 cc. 
This saves the doctor’s time but is probably more dangerous for the 
patient with enfeebled circulation or pulmonary involvement. 
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The shockreaction may be forecast by a slight rise in temperature. 
Often, however, it begins without warning by complaint of feeling 
cold, pallor and cyanosis of extremities and of face, chattering of the 
teeth and general and highly distressing rigor. We ordinarily apply 
external heat, administer oxygen by nasal catheter, give adrenalin 
and rarely morphin. Having warned the patient in advance that 
we expect to produce a chill we now attempt to reassure him and 
the anxious family by expressions of satisfaction that the chill 
has come. Serious immediate danger appears to be confined to 
patients with soft endocardial vegetations which may be dislodged 
during this reaction. After shaking for 5 to 70 minutes the tem- 
perature is ordinarily between 104 and 107° F. Then the patient 
suddenly ceases to shake. He becomes rosy and breaks out in pro- 
fuse perspiration. The temperature falls rapidly in an hour and by 
the next morning may be below 99 or even below 98. After the 
chill ceases the patient ordinarily feels at peace with the world and 
usually goes to sleep and remains quiet for several hours. 

On the day when such a series of doses is given the patient should 
not be subjected to transfusion nor to surgical incision, because these 
may confuse the clinical picture. Saline solution may be given intra- 
venously if desired. 

For 2 or 3 days after the shock reaction the patient is given 
smaller doses, morning and evening. Ordinarily the dose employed 
is approximately ^ the last dose of the series which was followed 
by the shock reaction. For example if, on the first day, the patient 
had received at intervals doses of 1-2-3^ cc. and then developed 
a chill, we give on the following day an intravenous dose of 2 cc. in 
the morning and again in the evening and continue the same doses 
for 2 or 3 days. On these days transfusion may be given and easily 
accessible purulent collections may be drained. If the blood culture 
remains positive another attempt to shock the patient is undertaken 
on the fourth day and again on the seventh day. When the blood 
culture becomes negative we continue the small intravenous doses 
twice daily for a week or two, then once daily for about a month. 
When the patient is allowed to be out of bed we change to subcu- 
taneous injections, 2 or 3 times a week, continuing these for 3 to 6 
months. The treatment is varied to meet the particular situation 
and greatest attention is given to the results of blood cultures taken 
once or twice each -week. 

Temperature, pulse rate, blood pressure and body weight are 
carefully recorded and frequent physical examination is not neglected. 
The urine is examined frequently. Infarction of the kidneys is very 
common in staphylococcus bacteremia. In most instances these 
renal lesions heal with continued intravenous bacteriophage therapy. 



174 MAC NEATj, F1UHT5EE; BACTEniOl’lIAGE SEllVICE TO PATIENTS 

A further consideration of tlie various complications and metastatic 
localizations of the infection vill be omitted. 

Examples of Svcccss and Failure. Somewhat detailed records 
of patients who survived and of others who died have been pi’e- 
sented in our earlier publications. Each patient presents an indi- 
vidual problem and it seems worth while to include here as examples 
the records of 2 patients of the present scries, 1 who survived and 1 
who succumbed. 

Case 1.— A. W. {Paiienl No. 69), male, aged 39, was admitted to the 
Post-Graduate Hospital on .Tub' 12, 1933 (Pig. 1). He had fallen ill 2 days 
before, with vague abdominal distress, weakness and fever. A blood cul- 
ture taken at that time was ]iositivc and we identified S. aureus. Another 
blood culture taken after admission to the hospital (.Tuly 14) yielded the 
same organism and a third blood culture taken on .July IG was similar. 
Urine culture taken on ,Tuly 17 remained negative. Bacteriophage therapy 
was requested on .July IS by the physician. Dr. A. W. Duryee, to whom we 
are indebted for the clinical record, and the bacteriophage treatment was 
given by us personally. On July IS after taking a blood culture, an intra- 
venous injection of 0.5 cc. stock asparagin staphylococcus bacteriophage 
was given in 2 minutes at 12.20 p.m. This was followed an hour later by 
1 cc. intravenously. At 2.50 p.m. the patient had a slight chill; external 
heat was applied and his temperature rose to 100° F. At the time this did 
not seem to be a definite reaction to bacteriophage but, because the clinical 
condition of the jiatient seemed satisfactoiyq no more phage was given on 
that day. On subsequent days an intravenous dose of 0.5 cc. bacteriophage 
was given twice daily. On Saturda}', July 22, an attempt was made to 
push the bacteriophage injections to a shock reaction. Signs of left pleurisy 
had been recognized on tlie prevdous day and the specific bacteriophage was 
readj-: for use. On July 22, a preliminarj' blood culture was taken at 8.50 
A.ii., and then at 9.04 a.ji. an intravenous injection of 0.5 cc. of the specific 
phage was given. This was followed by 1 cc. at 9.47 a.m.; 2 cc. at 10.32 a.m.; 
4cc. atll.22A.M.;8cc. at 12.20 p.m.; 10 cc. at 1.25 p.m.; 10 cc. at 2.18 p.m.; 
10 cc. at 3.19 P.M.; 12 cc. at 4.05 p.m. and 12 cc. at 4.50 p.m. The total 
amount for the daj' was 69.5 cc. The patient remained comfortable, without 
chill or any CAudent reaction although his temperature reached 102.4° at 
G P.Ji. At the time Ave were serious!}' disappointed at this failure to induce 
a shock but later, when it became evident that the infection of the blood 
stream had already disappeared, the failure to produce a shock seemed to 
be explained. Subsequently smaller doses of the specific phage were con- 
tinued until the patient was discharged on August 9. The pleurisy and the 
infiltration of the left lung had entirely disappeared by this time and the 
patient left the hospital in good condition. 

After discharge from the hospital, the patient continued to receive sub- 
cutaneous injections of bacteriophage once or twice a Aveek. Apparently 
this treatment was discontinued some time in October or NoA'ember. Early 
in December he developed a furuncle on the side of his neck and this Avas 
treated by us on December 10 and 12, Avith prompt relief. At this time 
the patient was urged to continue Avith the subcutaneous injections at the 
hands of his physician in order to forestall further activity of the infection. 
After a feAv weeks this was again discontinued. 

On April 15, 1934, the patient was again admitted to the hospital with 
fever and tenderness oA'er the right kidney. Cultures of the blood and of 
the urine were negative. Because of the preArious history it seemed probable 
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that we had to deal with a septic infarct of the kidney. However, in the 
absence of more certain criteria, it was decided to explore the right kidney. 
Preceding the operation an 'intravenous injection of 2 cc. of his specific 
bacteriophage was given at 1.33 p.m. and the operation, begun at 3.36 and 
completed at 4.10 p.m., disclosed an abscess of the lower pole of the right 
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Pio. 1. — Abridged clinical record of A. W., male, aged 39, during two ndmis-sions 
to the hospital, namelj’- July 12, 1933, to August 9, 1933, and April IS, 1934, to 
June 2, 1934. 


kidney with a perinephritis. This was inci-sed and drained. Cultures of 
the exudate gave a growth of S. aurem. The postoperative course was 
rather uneventful. Intravenous bacteriophage was given daiU' unt il May 1 1 
and at intervals of .3 daj's tliereafter until discharge from ho.spital on June 2. 
Subcutaneous injections of bacteriophage twice a week were continued 
thereafter for some months. The patient has remained well. 
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The record of this patient serv’cs to illustrate some features of the 
bacteriophage therapy of staphylococcus sepsis -which are now fairly 
■well established. When the treatment is begun before there are 
destructive lesions in the vital organs, the outlook is better. If 
the infection of the blood stream is such that only a few colonies of 
staphylococcus develop in the blood culture, then the intravenous 
injection of a relatively small amount of bacteriophage -will msually 
be sufficient to cause a chill. In this particular case the colonies were 
always less than 1 per cc. of blood and the Idood adture taken on 
July 18, just before starting the bacteriophage injections, gave posi- 
tive gro-uth of 8. mtrcii.^ in only one broth flask and none on the 
plates. The patient chilled after only 2 intravenous doses, 0.5 and 
1 cc., of bacteriophage. Subsequently, on July 22. when we again 
attempted to cause a chill reaction, the patient failed to react al- 
though a series of 10 injections, from 9.04 a.m. (0.5 cc.) to 4.50 p.m. 
(12 cc.) amounting to a total of 69.5 cc. bacteriophage, were given 
intravenously within 8 hours. On this date the blood cidture taken 
just before the first injection of bacteriophage remained sterile. 
This result is in accord with our conception gained from other 
similar experiences, namely, that the t^-pical shock reaction comes 
when the amount of bacteriophage injected has the proper quantita- 
tive relation to the bacteria in the blood stream. If the blood 
stream is sterile one may fail to produce a reaction even with large 
amounts of bacteriophage. Also when the blood stream is lieavily 
infected or when massive collections of bacteria are directly in 
relation to the blood, as in vegetative endocarditis, one may have 
to administer very large amounts of bacteriophage before the patient 
reacts. We believe that the shock reaction is not due directly 
to substances contained in the bacteriophage itself but that it is 
brought about by an interaction, probably opsonic, between the 
bacteriophage and the accessible bacteria. 

This record also illustrates the very common tendency for staphyl- 
ococcus bacteremia to result in renal infarction. In our experi- 
ments on rabbits, kidney infarction has been ver^’ common and 
in our series of human septicemias it has been rather frequent. 
In the patients, the renal infection often heals without incision 
when adequate intravenous bacteriophage treatment is given. 

The record of this patient also illustrates the danger of metastatic 
localization of the infection as a sequel to the bacteremia. It is 
true that not all patients fall \dctims to such later manifestations, 
but these late lesions have been common enough in our series for us 
always to recommend continuation of bacteriophage injections for 
a period of 3 months after apparent complete recovery from a blood 
stream infection with staphylococcus. 
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Case 2.— As an example of unfortunate result we have chosen Y. R. 
{Patimt No. 90), female, aged 6, under the care of Dr. W. D. Crecca of 
Newark, ’New Jersey, to whom we are indebted for the case record. She 
fell ill on Sunday, February 18, with a chill and general discomfort. .On 
February 19 the left anlde was painful and the temperature ranged from 
101° to 104°. Upon admission to the hospital on February 22 the tempera- 
ture was 100°, pulse 120; a soft systolic blow was heard at the apex of the 
heart. There was swelling with fluctuation over the medial malleolus of 
left ankle. On February 22 at 11.38 a.m. pus was evacuated from the lower 
end of the left tibia and a plaster dressing applied. Blood culture taken on 
February 23 gave a growth recognized as S. aureus on February 24 and on 
this day bacteriophage was obtained from us by messengeV. Beginning 
at 7 p.M. intravenous doses were given at intervals, l-l-^8-4-5-6-7 cc. 
stopping at 1 a.m., February 25. There was no evident reaction. _ About 
8 A.M. February 25, the dressing was removed and 20 cc. bacteriophage 
was applied to the wound, and at 10 a.m. 4 cc. phage was given intravenously. 
The condition appeared very grave and Dr. Crecca asked us to see the 
patient and continue the bacteriotherapy. At 6.40 p.m, we took a blood 
culture and then began a new series of intravenous phage doses, 5 cc. at 
6.45 P.M. ending with 22 cc. at 1 a.m., the total amount being 114 cc. There 



Fig. 2. — Abridged clinical record of Y. R., female, aged C, during her treatment- 
in hospital, February 22 to March 4, 1934. 


was no reaction and the situation appeared hopeless. On the next daj’' the 
rich growth in the blood culture W'as evident and the colony count after 
48 hours’ incubation of this blood culture taken on February 25 amounted 
to 1720 per cc. of blood. Smaller doses of phage were continued on February 
26 and 27 and on February 28, because the patient was still alive and some- 
what brighter, we were again called to Newark. The blood culture taken 
on Februarj'^ 28 yielded only 52 colonies per cc. In the afternoon and 
evening a total of 190 cc. of bacteriophage w'as given intravenously in 
dmded doses between 3 p.m. and 11 p.m. without definite reaction, although 
there, was perhaps a suggestion of reaction in the temperature rise to 106° 
at midnight and fall to 102.8° at 4 a.m. March 1. On March 1 we were 
^mewliat encouraged by the lower colonj'' count on the blood culture of 
I'ebruarj’^ 28 and by the lower temperature of the patient. The pulse rate, 
however, remained high. Bacteriophage, 10 cc., was given twice on March 1 . 
On tins day extensive consolidation of the left lung was recognized and 
niere was also evidence of meningeal irritation, but the cyanosis w^as less. 
Un nlarch 2 a blood culture was taken at 10 a.m. and a transfusion given, 
lliis blood culture later developed 160 colonies per cc. of blood. Bacterio- 
phap iras discontinued. In the evening, however, at the earnest insistence 
?i • were again called to continue the bacteriotherapy. At 

tins tinie the pneumonia was verj' extensive, respirations 76 per minute, 
tlie patient was irrational with moderate rigidity of extremities and neck. 
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After 2 intravenous injections of 25 cc. each tlic injections verc stopped. 
On Marcli 3, however, anotlier intravenous dose of 20 cc, pliagc. was given 
at 10 A.M. and the wound was irrigated with phage. Death occurred at 
12.40 A.Jt., March 4, with extensive pneumonia and terminal meningitis. 
Autopsy was not permitted so that tlie condition of the heart remains 
uncertain. 

The record of this patient resembles tliat of several other children 
in our series, wlio were subjected to operation for osteomyelitis. 
Wlien the infection of the blood stream is already established these 
children do not seem to withstand very well a bone operation under 
general anestliesia. On that account we now favor a more conserva- 
tive program of intravenous bacteriophage therapy to overcome 
the septicemia before attacking the local lesion in the bone. How- 
ever, each patient presents a special problem and judgment is 
difficult. Children with rheumatic or congenital defects of the heart 
are particularly handicap]icd in the fight against an infection of the 
blood stream even without the added burden of an anesthetic and 
surgical shock. The importance of the preliminary blood culture 
is evident. 

At the present time we should not be satisfied to stop after a total 
dose of 29 cc. of intravenous bactcrio])hagc in such a case. One 
should keep on trying to induce the shock reaction until the total 
dose has reached at least 100 cc., unless definite clinical contra- 
indications become manifest. 

The reduction in number of bacteria in the circulating blood from 
1720 per cc. on February 25 to 52 per cc. on February 28 is note- 
worthy and it appears to have resulted from the bacteriopliage 
treatment. We have not yet seen a recovery after the blood culture 
has revealed more than 250 colonies per cc. of blood. The observa- 
tion in this case encourages one to believe that even such a high 
colony count may not be a certain indication of fatal outcome. 

Summary. 1. The diagnosis of stapliylococcus septicemia should 
be supported by positive blood culture made in such a way as to give 
reliable evidence of the approximate number of viable bacteria in the 
blood of the patient. 

2. The technique of the bacteriophage therapy is described. 

3. The shock reaction to intravenous bacteriophage appears to 
depend upon interaction between the bacteria, the bacteriophage and 
the natural defense mechanisms of the host. 

4. An example of success and an example of failure are presented. 
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ONE HUNDRED PATIENTS WITH STAPHYLOCOCCUS SEPTI- 
CEMIA RECEIVING BACTERIOPHAGE SERVICE.* 

By Ward J. MacNeal, M.D., 

PROFESSOR OF PATHOLOGY AND BACTERIOLOGY, NEW YORK POST-GRADUATE 
MEDICAL SCHOOL AND HOSPITAL, 

AND 

Frances C. Frisbee, A.B,, 

ASSOCIATE IN BACTERIOLOGY, NEW YORK POST-GRADUATE MEDICAL SCHOOL 
AND HOSPITAL, NEW YORK CITY. 

(From the Department of Pathology and Bacteriology, New York Post-Graduate 
Medical School and Hospital, Columbia University.) 

The selection of the 100 patients for the present list has been 
made on the basis of objective criteria. First, there must have been 
received by us a request for bacteriophage service and therefore the 
series may be regarded as unselected. Second, there had to be 
reasonably convincing evidence that a blood stream infection with 
staphylococcus actually existed. In most instances there were 
repeated positive blood cultures and the organism was submitted 
to us for study. We have, however, included in the list several 
patients who died without a proper cultm-e being submitted to us 
and a few patients have been included without acceptable evidence 
that a positive blood culture was ever obtained, "^dien one con- 
siders that relatively few of these 100 patients were seen by us in 
person, it is noteworthy that decision as to admitting or excluding 
a patient from this list did not more frequently meet with serious 
difficulty. All patients who died have been included even if the 
evidence of staphylococcus sepsis seemed rather frail. We have 
stopped arbitrarily at Patient 115 in consecutive order, thus reserv- 
ing for a later discussion the rapidly growing list of patients coming 
to our records after August 11, 1934. There were some patients 
whose records presented particular difficulty as will be evident in 
the later discussion. 

Relation to Season of Year. Table 1 presents data of patients 
with staph 3 dococcus bacteremia from No. 16 to No. 115 inclusive. 
At first glance one is struck by the fact that the period February 3 
to August 8, 1932 has 12 recorded cases with no survivals. From 
August 9 to November 28, 1932, inclusive, there were, however, 
5 recoveries in a series of 10 cases. This is followed bj- another period 
of discouraging experience from December 3, 1932 to June 2, 1933, 
inclusive, during which time 16 patients were given bacteriophage 
service for septicemia without anj" recoveries. Since June 3, 1933, 
everj' period of 2 months contains at least 1 successful case. Possi- 
bh’ this variation in mortality may have been related to the season 
of the j'car, to alterations in ■\drulence of the disease or to a combina- 
tion of fortuitous factors which are unrecognizable. During 1932 

Those studios have been aided by a grant from the Josiah Macy, Jr., Foundation. 
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and 1933 more recoveries were observed in cases treated in the last 
half of the year as compared vitli the first lialf. In the first lialf 
year of 1932 we gave service to 10 patients without a recovery; 
in the corresponding portion of 1933 to 15 patients with 1 recovery 
and in the first half of 1934 to 23 patients with 5 recoveries, malcing 
a total of 42 deaths and 6 recoveries. On the other hand, for the 
period July 1 to December 31 in 1932, we served 15 patients Avith 
5 recoveries; in 1933 in the second half 29 patients with 11 recoveries 
and in 1934 from July 1 to August 12 there were S patients with 3 
recoveries, making totals of 33 deaths and 19 recoveries. 

Other possibilities require consideration. We sec in this record 
a challenge to close scrutiny of the technical methods employed in 
the preparation of the bacteriophage filtrates used in treatment and 
we are inclined to believe that these agents may have been more 
suitable at certain particular times. The stock bacteriophage has 
not been standardized and CA'cry elfort is still being made to increase 
its efficacy in the light of continued experience. 

Table 1.~Data on’ 100 Cahes or Seitickmia Heckivin’o BACTEiiioruAGE. 

i ■ ' j ^ ^ rositivc; 

No. 1 Date.* rntieiil. Clime!il conditions. ; Opera- blood Death. 

lion, culture. 


1932 

10 . . 1 Feb. 3 ' DC M 21 rurulcnt arthritis of knee, septicemia Feb..') Feb. 2 Feb. 15 

17 . . ! Apr. 12 , C\V hi 30 Apr. 7, sepsis after hemorrhoidectomy Mar. 2S Apr. 10 Aur. 8 

IS . . I May 3 ; JU M 07 I Apr. 19. Ranerene left foot, dinlictcs Apr. 20 Apr. 20 Juno 10 

19 . .iMaylO'nH M 35 • May 17, furuncle of nose, extending May 19 May 17 ; May 20 

20 . . I May 20 AZ M 02 ; May 18, urinary infection None May 21 . May 20 

21 . . ’ May 2S AC M 01 I May 7, furuncle on finger; May 21, chill None May ' May 31 

22 . . ' May 28 1 ML F *18 1 May 24, severe chill of cryptic origin None May 20 1 May 29 

23 . . ; May 30 FE M 31 ! May 23, cryptoRcnic sepsis None May 30 May 31 

24 . . i Juno 8 itr F 20 I June 2, furuncle on face June 0 Juno 0 I June 11 

25 . . June 22 I FII F 18 j Juno 14, furuncle on arm; June 17, chill None June 20 ■ June 23 

20 . . ’July 20 (EP F 20 I July 17. sepsis after cliildbirtli, July 10 July 27 July 17 Aug. 4 

27 . . July 31 EK F 12 j July 0, multiple furuncles; appendectomy July 27 July 29 Aug. 17 

28 . . Aug. 9 TO M 25 ! July 7, nasal furuncle July 14 July 21 Recovery 

29 . . Aug. 9 LH M 39 ! May 20, osteomyelitis of fibula Many ' Aug. 2 Sep. 9 

30 . . Aug, 24 EH F 15 1 Aug. 5, puncture wound of foot , Aug. 19 Aug. 21 Recovery 

31 . , Sep. 23 LB F 8 Sep. 18, pansinusitis; sepsis Sep. 18 None . Oct. 5 

32 . . Oct. 5 MU M 21 Sep. 19, fracture of sternum; mediastinitis j Oct. 5 Oct. 0 Recovery 

33 . . Oct. 17 BO F 01 Oct. 1, sacral carbuncle; diabetes ] None Oct. 15 Oct. 19 

34 . , Oct. 20 GT F 47 Oct. 10, carbuncle; dialictcs j Oct. 10 Oct. 14 Nov. 5 

35 . . Nov. 10 HL M 15 Oct. 7, osteomyelitis of femur j Oct. 10 |Oct. 11 Recovery 

30 . . Nov. 17 PS M 10 Nov. 2, contusion of thorax; osteomyelitis ! Nov. 10 Nov. 10 Nov. 17 

37 . . Nov, 28 DM F 11 Nov. 19, furuncle of face None Nov. 25 Recovery 

38 ! . Dec. 3 JB F 47 Oct. 21, furuncle of nose; sepsis ; Many Oct. 28 Deo. 10 

39 . . Dee. 22 LC M 15 Deo. 13, osteomyelitis; epidural abscess 1 Dec. 14 , Dec. 20 Jan. 1 

40 ! . Dec. 24 MI F 12 Deo. 14, cryptogenic sepsis, tachycardia | None ; Dec. 21 Dec. 28 

1933 ; 

41 . . Jan. 20 MM F 17 Jan. 17, extraction of tooth Jan. 17 I Jan. 18 Jan. 21 

42 . Jan. 20 MH F 17 Dec. 23, osteomyelitis of ilium Dec. 28 ' Jan. 19 May U 

43 ! ! Jan. 24 FS M 33 Dec. 22, fracture of skull base Jan. 12 Jan. 5 Jan. 29 

44 ! ! Jan. 24 VM F 21 Dec. 31, cryptogenic fever Jan. 23 Jan. 21 Jan. 24 

45 ! ! Jan. 20 EC F 11 Empyema; myocardial abscesses Jan, 24 Jan. 24 Jan. 20 

40 . . Feb. 9 MT F 4 Feb. 2, osteomyelitis of foot Feb. 0 i Feb. 5 Feb. 9 

47 . ! Feb. 10 SR M 71 Jan. 14, furuncles on back of neck Feb. 7 Feb. 9 Feb. 15 

48 ! 1 Feb! 18 CO F 10 Jan. 25, acute mastoiditis | Jan. 28 Feb. 3 Mar. 13 

49 . . Apr. 4 GS F 25 Mar. 20, abortion; sepsis , None j Apr. 2 Apr. 8 

50 . . Apr. 4 JP M 32 Feb. 28, furunculosis; pyemia Afay 2 ; None May 27 


* This is the date when our bacteriophage service was requested in each respective 


case. 
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1 


No. 

1 

Date * 1 

1 

Patient. 


Clinical conditions. 

Opera- 

tion. 

Positive 

blood 

culture. 

Death. 

51 

1933 1 
May 3 j 

AR 

M 

27 

Old osteomyelitis; operation Apr. 28 

Apr. 28 

Apr. 29 

May 4 

52 . . 

May 20 j 

NT 

F 

45 

May 1, compound Colics' fracture 

May 1 

May 20 

May 25 

53 . . 

May 27 I 

EK 

M 

57 

May 18, carbuncle on forehead 

None 

May 27 

May 29 

54 . . 

June 3 j 

HP 

M 

21 

Apr. 22; sore throat and malaise 

May 21 

May 11 

Recovery 

55 . . 

June 17 

SK 

F 

31 

June 12, pustule on cliin 

None 

June 16 

June 17 

56 . . 

July 1 

AR 

F 

49 

June 29, renal abscess 

Many 

June 29 

Recovery 

57 . . 

July 10 

AN 

M 

57 

June 9, access of left knee; osteitis 

Yea 

July 8 

Oct. 8 

58 . . 

July 15 

HK 

M 

19 

June 25, carbuncle on neck 

June 25 

July 11 

July 16 

59 . . 

July 18 

AW 

M 

39 

July 10, cryptogemc fever 

None 

July 12 

Recovery 

60 . . 

Aug. 3 

JM 

M 

11 

July 12, polyarthritis; heart murmur 

None 

July 21 

Aug. 25 

61 . . 

Aug. 7 

HP 

M 

13 

July 31, baseball injury to thigh 

None 

Aug. 4 

Aug. 19 

62 . . 

Aug. 21 

LB 

M 

36 

Leukemia and terminal sepsis 

None 

Aug. 19 

Aug. 26 

63 . . 

Aug. 20 

GK 

M 

30 

Aug. 2, infected finger; pyemia 

Aug. 22 

Aug. 24 

Aug. 28 

64 . . 

Aug. 31 

HC 

M 

41 

Aug. 25, meningitis; endocarditis 

None 

Aug. 28 

Aug. 31 , 

65 . . 

Sep. 2 

DM 

M 

23 

Aug. 5, carbuncle on forearm; pneumonia 

None 

Aug. 31 

Recovery 

66 . . 

Sep. 3 

MG 

F 

8 

Aug. 28, cellulitis of face 

None 

Aug. 29 

Recovery 

67 . . 

Sep. 13 

LM 

M 

33 

Sep. 5, osteomyelitis for 20 years 

Sep. 11 

Sep. 13 

Sep. 16 

68 . . 

Sep. IS 

MP 

F 

25 

Aug. 12, childbirth; Aug. H, chill 

None 

Aug. 17 

Rccoverj’ 

69 . . 

Sep. 23 

AM 

M 

37 

Sep. 14, furuncle of nasal septum 

None 

Sep. 20 

Sep. 23 

70 . . 

Sep. 26 

SG 

M 

21 

Aug. 14, furunculosis 

None 

Sep. 14 

Oct. 5 

71 . . 

Oct. 10 

TH 

M 

20 

Sep. 21, compound fracture of ankle 

Oct. 4 

Oct. 6 

Recovery 

72 . . 

Oct. 28 

LW 

F 

19 

Oct. 1C, purulent arthritis of hip 

Oct. 26 

Oct. 26 

Oct. 31 

73 . . 

Nov. 3 

RS 

F 

31 

Nov. 1, severe headache and fever 

None 

Nov. 1 

Nov. 3 

74 . . 

Nov. 13 

FD 

M 

10 

Nov. 10, fever of cryptic origin 

Nov. 11 

Nov. 10 

Recovery 

75 . . 

Nov. 14 

CW 

M 

0 

III since birth on Oct. 21 

None 

Nov. 11 

Nov. 16 

76 . . 

Nov. 14 

RL 

F 

3 

Oct. 23, pneumonia 

None 

Nov. 1 

Recovery 

77 . . 

Nov. 17 

RW 

M 

5 

Nov. 8, osteomyelitis of leg 

Nov. 15 

Nov. 151 Recovery 

78 . , 

Nov. 25 

FD 

M 

27 

) Nov. 9, crj'ptic fever with cough: empyema 

None 

Nov. 20 

Recovery 

79 . . 

Nov, 29 

JK 

M 

8 ' Nov. 21. cryptic fever: appendectomy 

Nov. 23 

Nov. 27 1 Recovery 

80 . . 

Nov. 30 

RM 

M 

31 

1 Nov. 22, furuncle of nose 

None 

Nov. 291 Dec. 1 

1 

81 . . 

Dec. 0 

RJ 

M 

53 !” -• -''-V 

None 

Sop. 10 ! June 4 

82 . . 

Dec. 10 

AK 

M 

40 


Nov. 1 

Dec. 8 

Dec. 12 

83 . , 

Dec. 22 

AE 

F 

0 1 ‘ 

Nov. 17 

Nov. 14 

Deo. 31 

84 . . 

Dec. 25 

1934 

CT 

F 

14 

Deo. 23; chills, fever; endocarditis 

None 

Dec. 25 

: 

' Dec. 26 

85 . 

Jan. 9 

EO 

F 

24 

Dec. 30, furuncle on face 

Jan. 7 

I Jan. 6 

Jan. IS 

so . 

Jan. 24 

VC 

F 

12 

Jan. 16, fever blister on Up 

None 

Jan, 22 

Jan. 26 

87 . 

Jan. 26 

VH 

F 

12 

j Jan. 7, osteomyelitis of heel 

Several 

j Jan. 15 

June 20 

88 . 

Jan. 27 

CB 

M 

61 

I Jan. I, crj'ptogcnic septicemia 

None 

1 Jan. 17 

Recoverj- 

89 . 

1 Feb. 21 

EM 

M 

28 

! Jan. IG, recurrent old osteomyelitis 

1 

Feb. 1 

1 Feb. 17 

Recovery 

90 . 

Feb. 24 

YR 

F 

0 

! Feb. 18, crj'ptic fever; osteomyelitis 

Feb. 22 ! Feb. 23 

Mar. 4 

91 . 

Mar. 12 

IVL 

M 

60 

1 Feb. 25, angina, ccnical adenitis 

Mar. G 

; None 

1 Mar. 14 

92 . 

Mar. If 

GB 

F 

38 

Dec, 25, furunculosis, empyema 

Mar. 5 

IMar. 161 Mar. 22 

93 . 

5Iar. 2( 

IVJ 

M 

46 

Mar, 1, ncphrcctomj'; Mar. 22, thoracotomy 

Mar. 1 

IMar. 19 ; Mar. 23 

91 . 

Mar. 31 

NG 

F 

44 

Mar. 26, crj'ptogciiic fever 

None 

: Mar. 28 

Apr. 1 

95 . 

Apr. 22 

JB 

M 

20 

I 

* Apr. 13, carbuncle of nose 

Apr. 17 

i Apr. 19 1 Recovery 

96 . 

Apr. 24 

GS 

M 

05 jApr. 18, furunculosis, stupor 

i Apr. 14 Apr. IS 1 Apr. 24 

97 . 

May 1 

MW 

M 

40 

' Mar. 25, furuncle on neck, septicemia 

; None 

1 Apr. 28 

; ^lay 5 

98 . 

May S 

AJ 

F 

SO 

1 May 2, furuncle on face, dial^tcs 

May 8 

1 May 6 

May 9 

99 . 

May 1( 

EB 

F 

15 

j Mar. 20, furuncle on face, pyemia 

July 7 

May 7 

Recovery 

100 , 

May 13 ; MD 

F 

12 1 Mar. 20, otitis media; mastoidcctomv 

Apr. 13 ! May 10 

Recoverj' 

101 . 

■ May 24 1 MT 

F 

10 

' May 7, furuncle on hack; osteomyelitis 

May 21 

, May 21 

June S 

102 . 

1 June G 

LS 

M 

34 

! Wound of tliomb on Dec. 24 

> Dec. 21 

- Jan. 19 

June 15 

103 , 

' June 7 

' GB 

M 

0 

May 25, a feeble infant; otitis media 

None 

’ Juno 4 

June 8 

104 

June I 

AC 

M 

20 

June 7, fulminating otitis media 

June 5 

1 June 10 

June 13 

105 . 

June 20 CB 

M 

10 

June 14, osteomyelitis after thumb wound 

June 15 

June IS 

' June 22 

100 . 

June 23 IlM 

M 

19 

Apr. 30, diabetes and scp5i‘? 

May 9 

May 7 

July 3 

107 . 

June 2 

DD 

F 

10 

June 24, osteomyelitis, endocarditis 

June 2! 

June 2i 

, July 24 

lOS 

July 3 

KH 

M 

37 

May 4, wound of thumb; sepsis 

Yes 

June 20 ' Kccovcry 

109 

July 0 

' DC 

M 

n 

June 21, abdominal pain 

None 

June 30 

: July 14 

no . 

Julv IS \VN 

M 

JC July M, tooth extraction; sop.-is 

Julv 14 

. July 17 

, Rccoven- 

Ill 

• July 28 SO 

M 

30 

July 25, infcrlcd varirose vein'* 

Jul'y 2G 

Julv 2’} 

: Aug. 2 ■ 

112 . 

. July 30 i;0 

r 

31 

June 20, childbirth; June 2S, chill 

July 30 

July 23 

Rccoverv 

113 

Auc. G 

RM 

M 

i: 

Aug. 2, pain in thigh; osteomyelitis 

Aug. IS 

.^ug. 4 

Aua. 23' 

114 

Aup. 1 TC 

F 

A 

Aug. 4, cellulitis of foot 

Aug. S 


Aua. 13 

115 

. Aug. 1 

5 NS 

M 

G2 July 7, cj’stottimy; Aug. 7, prostatectomy 

Aug. 7 

Aug. 11 

.Auc. 15 


* This is the date when our bactoriophnee service was rcfiucstcd in each resi>oetive 
case. 
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Relation to Other Factors. Of far greater significance, liowever, 
arc factors wliicli do not a])])ear at once in such a clironologic talde. 

Among these maybe mentioned age and sex of 
the patient, condition of the vital organs, such 
as heart, lungs, brain, kidneys, at the start of 
bacteriophage treatment, susceptibility of the 
infecting organism to bacteriophage lysis, viru- 
lence of the infection, delay in instituting treat- 
ment and wisdom exercised in carrying out the 
treatment. 

As to distribution according to sex and age 
(Fig. 1), there were 42 females and 58 males, an 
apparently insignificant dill'crence. One boy 
was 15 days old and another 3 months old; 
1 woman was 80 years old. Evidently no age 
is exempt from this disease. In the first decade 
of life there were 4 boys with 2 survivals and 
7 girls with 2 survivals. In the second decade 
there were 12 boys with 3 survivals and 17 
girls with 4 survivals. One therefore sees a 
suggestion that females under 20 years are more 
frequently afflicted than are the males of the 
first two decades of life. From ages 20 to 39, 
inclusive, however, the males greatly predomi- 
nated in this series and that in .spite of the 
occurrence of staphylococcus puerperal sepsis in 
the females. In the third decade there were 12 
males with 8 survivals and 0 females with 1 
survival, and in the fourth decade 15 males 
with 2 survivals and 4 females with 1 survival. 
Beyond age 40 there were 15 males, the oldest 
71 years of age, and of these only 1, a man of 
64 year.s, survived; while there were only 8 
females over 40 with 1, aged 49, surviving. One 
gets the impression, which will require confir- 
mation by larger figures, that patients under 
30 years have a better prognosis and that the 
males between 15 and 30 years constitute the 
group with best chance for survival. 

Fig. 1.— Distribution Susceptibility of the Staphylococcus to the 
rexSoca^sofstaph^ Available Bacteriophages. In most instances 
ylococcus septicemia, the staphylococcus of Sufficient virulence to 
Hollow circles indicate the blood stream is found to be suscep- 

survivalsand soacl black 

circles indicate deaths. tiblc tO lySlS by OUr Stock staphyloCOCCUS 
bacteriophage. There are, however, a few 
exceptions in this series. Somewhat resistant bacterial strains were 
encountered in Patients 62, 78, 81 and 106. Patient 62 was dying 
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of leukemia complicated b 5 ^ sepsis, and serial filtrations to enhance 
the lytic action of the phage were discontinued upon death of the 
patient. In the other 3 cases we succeeded in enhancing the lytic 
power to full potency by repeated filtration of cultm-es in series. 
In 2 instances, Patients 82 and 89, the culture submitted to us was 
found to be completely resistant to our stock bacteriophage and 
attempts to enhance the lytic activity were discontinued because 
further bacteriophage therapy was not desired. In 20 cases of the 
series we failed to receive a culture of the infecting organism in spite 
of repeated requests. In 74 cases the culture from the patient was 
found completelj'^ susceptible to our stock staphylococcus bacterio- 
phage in the first trial. In general we have the impression that the 
staphylococcus resistant to bacteriophage is of relatively lower 
virulence than tlie phage-susceptible strains, but further observa- 
tions are required before an unreserved statement can be made in 
regard to this point. 

The Survivals. The surviving patients require particular con- 
sideration. There are 25 ranging in age from 3 years to 64 years. 

Survivals. The youngest patient to recover, R. L., No. 76, a female, 
aged 3, was admitted to the Perth Amboy General Hospital on October 23, 

1933, with diagnosis of pneumonia, second degree burn of the right che.st 
wall and excoriation of buttocks. Blood cultures taken on November 1 
and November U jdelded S. albvs. _ A total amount of 8 cc. of stock staphyl- 
ococcus bacteriophage was given intravenously on November 14 and the 
injections were continued subsequently in small doses. On January 17, 

1934, Dr. H. P. Fine reported a complete recovery. 

A boy of 5, R. IV., No. 77, was admitted to the Methodist Episcopal 
Hospital, Brooklyn, on November 12, 1933, vith osteomyelitis of the leg 
which began with pain on November 8. The Imee joint was opened on 
November 15 and pus evacuated. Blood culture taken on November 15 
and again on November 17 jdelded S. mireus. Stock staphylococcus 
bacteriophage was requested and used locally and intravenously from 
November 17 to November 21. On that day the specific preparation was 
ready and its daily use begun. After drainage of an abscess of the thigh 
on November 21 bacteriophage therapy was discontinued. Blood cultures 
were negative on November 23, 28, December 10 and 13. The femur was 
opened on December 6, and on Januarj'- 6, 1934 the limb rvas sacrificed by 
thigh amputation. The patient was discharged March 11 and the wound 
was entirely healed on June 10, 1934. 

M. C., No. 66, a girl of 8, w'as admitted to the Essex County (New Jersey) 
Hospital August 28, 1933, ndth furuncle and cellulitis of the face. Blood 
culture of August 29 gave a hea^y^ growth of S. aureus. Blood cultures of 
August 31, September 2 and 4 were positive. On September 3, intravenous 
doses of stock staphylococcus bacteriophage to a total of 19 cc. were given, 
probably a series of 1-2-3-o-S cc., followed by the usual shock reaction with 
temperature rise to 105.G. On September G another series of doses to a total 
amount of 23.5 cc. was followed by a similar reaction ndth temperature rise 
to 104. Subsequently smaller doses of bacteriophage were given and the 
patient received repeated transfusions. She was discharged October 7; 
cvjclcntly too .soon, for she was admitted to the Orange Memorial Hosiiital 
with osteomyelitis on October 24 and was again treated with intravenous 
phage. She was discharged hlarch 1, 1934, with persistent sinus and was 
reported as w.alking on June 4, 1934. 
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No. 79, J. R., a boy of S, vns admitted to Bcllcxaie Hospital November 21, 
1933, where an appendectomy was performed. Suiisequently there was 
recognized ostcomj'elitis of the right femur, left tibia, left fibula, left 
humerus, and left radius as well as suppurative jileurisy. Blood culture 
of November 27 was positive for S. aureus. The record says Ynth 1000 
colonies per cc. Bacteriophage treatment was begun on November 29, 
1933, and continued until about December In. The jiatient remained in 
the hospital for a year under treatment for the localized areas of osteo- 
myelitis. Many ojierations were performed for drainage. He was dis- 
charged, im]n-ovcd, on December 10, 1934. 

No. 37, D. M., a girl of 11, was admitted on November 2.5, 1932, to the 
Jamaica (New York) Hospital with cellulitis of the face, wiiich began about 
November 19. Blood culture taken on admission yielded S. aUnts. Tem- 
perature ranged between 102 and 104. Bacteriophage intravenously in 
divided doses to a total of 30 cc. was administered on November 29 mthout 
reaction. After an interval of 9.\ hours this treatment was continued to a 
total amount of 12 cc. in this second iSeries, whereupon there was a chill with 
cyanosis and rise in tcmiwrature to 103.4. On the next day the temperature 
dropped to 99.0, and did not go above 102 again during her stay in the 
hospital. There was no further bacteriophage therapy. The patient was 
discharged December 24, imiiroved. 

No. 100, M. D., a girl of 12, was admitted to the Greenpoint Hospital, 
Brooklyn, on March 20, 1934. On April 13 a simple mastoidectomj' was 
performed. On April 22 the left wrist bccaipe jiainful. On May 12 a throm- 
bosed jugular vein was ligated and opened. Tlie blood culture of May 10 
yielded staphylococci and on May_ 13 a blood cuUure yielded streptococci. 
These cultures were not made available for examination by us. Staphylo- 
coccus bacteriophage was given intravenously to a total amount of 28.5 cc. 
on May 13, vathout evident reaction. _ The patient recovered and was dis- 
charged on Maj' 23, 1934. This case is included in our series with a great 
deal of reserve. We are inclined to question the validity of the first blood 
culture. It seems not improbable that this was an ordinary case of strepto- 
coccus mastoiditis ndth jugular thrombosis. 

E. H., No. SO, a girl aged 15, was admitted to the Long Island College 
Hospital on August 18, 1932, with sepsis followng punctured wound of a 
toe. The leg was incised on August 19. Blood culture taken August 21 
yielded 54 colonies of S. aiireus per cc. of blood. Stock staphylococcus 
bacteriophage was given intravenously in di^ided doses to a total amoimt 
of 29.5 cc. on August 24 and also was apjfiied to the wound. Smaller 
intravenous injections were continued until September 11. Blood cultures 
on August 25, 29 and September S were negative. The patient was dis- 
charged on June 28, 1933, with persistent sinuses. On July 26, 1934, she 
was walking with crutches. 

No. 35, H. L., a boy aged 15, was admitted to the Yonkers (New York) 
General Hospital October 7, 1932, for osteomyelitis of left femur, following 
an abscess on right elbow which was then healing. Blood culture taken 
October 11 yielded S. aureus and further positive blood cultures were 
obtained on October 14, 17, 24 and November 4. A staphjdococcus vaccine 
was given subcutaneously on November _5 and 6. On November 11 an 
extensive operation was performed removing the necrotic cortex of middle 
third of the femur. Bacteriophage was applied locally at this time. On 
November 13 SaAota* bacteriophage was given intravenously in 2 doses, 
0.5 and 1 cc., followed by a chill ndth cj^anosis and temperature rise to 
104.8. On November IS a total amoimt of 2.5 cc. was given intravenously 

* Savita bacteriophage is bacteriophage prepared in a medium containing vegetable 
proteins supplied by Savita, a meat substitute. This medium was used only for a 
short period of time in our laboratory. 
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in 3 doses. On November 19, 6 doses, total anaount 15.5 cc., were given 
intravenously. The patient complained of feeling cold and temperature 
rose to 104 and fell to 99 to remain doavn all the next day. Smaller doses 
were continued up to November 24 and on this day the newly prepared 
specific bacteriophage was given intravenouslj'^, a total of 9 cc. in 2 doses, 
after which there was a chill at 2 p.m. lasting 45 minutes and temperature 
rise to 106.6 with fall to 99 at midnight rising again to 101 on third day 
afterward. Phage was used locally only after this time. He was discharged 
January 19, 1933, in good condition. 

E. B., A^o. 99, a girl of 15, was admitted to the Perth Amboy General 
Hospital on Alay 7, 1934, \vith cellulitis of the face and neck, lobar pneu- 
monia of the upper left lung and embolic lesions in the skin. The admission 
note states that she was moribund. Blood culture was taken on Alay 7 
and again on Alay S and the doctor has informed us that these cultures were 
positive for staphylococcus. Laboratory records are not available. Intra- 
venous bacteriophage was started at 8.10 p. m. on Alay 10 and continued 
until 1.50 A.M. on Alay 11, the total amount being 36 cc. intravenously. 
There was no chill but there was free diaphoresis at 1 .45 a.m. , and at 4.15 a.m. 
the temperature had fallen to 101.4. The patient was distinctly better 
on this day. Smaller injections of bacteriophage were continued for at 
least 10 days during which time the cellulitis of the face and neck cleared 
up. Blood cultures were consistently negative after June 5. A metastatic 
abscess of the left hip was incised and drained on July 7. The lung cleared 
graduallj’- and she was discharged September 25 in good condition. 

No. 110, W. N., a boy aged 16, was admitted to the Alexian Brothers 
Hospital, Elizabeth, N. J., on July 16, 1934, suffering from sepsis following 
tooth extraction. Blood culture taken on July 17 gave a growth of S. aureus 
and on July IS the bacteriophage was given intravenously in divided doses 
to a total_ amount of 15.5 cc. Follovfing this there was a slight chill, and 
diaphoresis. On July 19 a series of 7 intravenous doses to the total amount 
of 65 cc. was followed by slight chill and sweating. After moderate doses 
for a few days he was given a total of 85 cc. on July 24 without evident 
reaction and on July 25 a total amount of 45 cc., after which there was a 
severe shock and a temperature rise to 107. Small intravenous injections 
were continued daily during the patient’s stay in the hospital. He was 
sent home from the hospital on August 29 and was able to be up and about 
during December, 1934. Patient was reported to be doing well on January 
15, 1935. 

F. p.. No. 7/f, a boy aged 16, was admitted to the A'Iar 3 ’’ Immaculate 
Hospital, pmaica, N. Y., on November 10, 1933, vdth a diagnosis of acute 
osteomyelitis. Blood culture taken November 10 was reported positive 
on November 13 for hemolytic S. aureus. On that account bacteriophage 
was requested and was furnished by us on November 13, 1933. When 
this material arrived at the hospital it was decided that the blood culture 
could not be regarded as positNe and therefore the bacteriophage was not 
used. The boy was discharged from the hospital on November 19. On 
Dewmber 1 , 1 933 he was readmitted to the hospital and discharged again 
on December 12, to be readmitted on January 10, 1934, and discharged on 
Januarj' 14. At the time of the third admission there were multiple ab- 
.scesses in different paps of the body and the doctor infonns us that on the 
Iwsis of the clinical e\'idcnce there must liave been a blood stream infection. 
Chut lire taken from one of these abscesses in Januarjq 1934, yielded S. aureus. 
Autogenous vaccine was given to the patient and his condition was reported 
as entirely sati.«factory on Januarj’ 14, 1935. This patient is included in 
our senes with considerable reserve but we decided not to exclude him 
jiccausc he appears to have made a recoverj- from a decidedly questionable 
bacteremia without the use of bacteriophage. In this series we have included 
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nil patients in whom there is definite reliable evidence of a septicemia with 
staphjdococcus in the blood stream for whom we have been asked to furnish 
bacteriophage, ^^^lether the bacteriophage was u.'^ed or not has not been 
a criterion for including or excluding the patient. As will be -‘-een later 
this is the only patient in the entire series who recovered without the use 
of bacteriophage. The others for whom the Imcteriophagc was not used, 
succumbed. 

No. S2, M. TJ., a man aged 21, was admitted to the Students Health 
Ser\dcc, University of Minnesota, September 23, 1932, following a fracture 
of the sternum in football practice on Sejitember 19. Bactcriojiliago was 
requested by telegram on October 5, 1932, and forwarded liy air mail. 
This was given intravenously on October 7 to a total amount, of ii cc. 
Subsequcntl 3 ' a broth bacteriophage was applied to the mediastinal wound. 
The patient has been reported bj' hIcKinlej' and his associates.’ He recov- 
ered and was able to plaj'’ football again in November, 1934. 

No. 64, H. P., a man, aged 21, was taken ill on April 24, 1933, with sore 
throat followed bj’’ pneumonia. Blood culture taken on May 11 gave a 
grovdh of iS. aureus and there were several subsequent positive blood cul- 
bires. Bacteriophage was given first on June 5 and si^ecitic autogenous 
phage Avas used first on July 10. The patient made a com])letc rccoverj'. 
This case has been reported in detail bj’ Dr. \V. M. Gilbert.^ 

No. 65, D. M., a man, aged 23, ivas admitted to the Grasslands Hosjntal, 
Valhalla, N. Y., on August f), 1933, with a carbuncle on right forearm. 
Subscqucntlj' pneumonia and septicemia developed. Blood culture taken 
on August 31, 1933, j’icldcd 170 colonics of S. aureus per cc. of blood. Blood 
cultures taken on September 1 and September 9 were also lAosith-e. Stock 
staphjdococcus bactcrioi)hage was rcciuested and given September 2, 1933, 
at which time we received a culture from the blood. Tlie bacteriophage was 
used intravenously from September 2 to September S. At that time the 
specific preparation was available and its use begun and continued until 
October 20, A blood culture taken September 28 remained negative and 
the patient was discharged as recovered oj] December 3, 1933. He Avas 
admitted again on Januarj' 23, 1934, AAoth nwocardial insufliciencj' and 
ascites. Again he receiA-ed intravenous bacteriojihage from Februaiy 14 
to Februarj’^ 28 and the ascitic fluid AA'as CA'acuated. He Avas discharged 
Februarj" 28. On July 28, 1934, he reported again for treatment of a fur- 
uncle. At this time his general condition AA'as good. 

No. 68, M. P., female, aged 25, AA'as dcliA'ered of her third child at the 
Greenpoint Hospital, Brookljm, on August 12, 1934, AA'ithout laceration. 
On August 14 she had a chill and temperature rise to 104. Blood cultures 
taken on August 17, 19 and 28 gave groAA'th of staphylococcus. Those 
taken on September 15 and September 29 remained sterile. On August 23 
a right parametrial pelvic thrombophlebitis AA'as recognized and later a 
septic nephritis and septic pneumonia. The bacteriophage was green intra- 
venously on September 17, at first in a dose of 0.5 cc., and Avas gradually 
increased to 2 cc. morning and afternoon. The patient left the hospital 
on October 2 and folloAA'-up indicates satisfactory and complete recoA'erj'. 

No. 28, T. 0., male, aged 25, had an abscess of the nasal septum beginning 
Avith pain on July 7, 1932; incised on July 14. Patient AA'as admitted to the 
Long Island College Hospital on July 14. Blood culture taken on Julj; 21 
gave positive groAvth of S. aureus and it AA'as positree on several occasions 
thereafter but only a feAV colonies appeared at any time. Blood cultures 
taken on August 8 and 15 remained sterile. Metastatic pneumonia, septic 
nephritis and pyemic abscesses in A'arious parts of the body Avere obseiwed 
and the staphylococcus was found in abundance in all these situations. 
A bacterial A'accine Avas injected subcutaneously on August 6, 7 and 8. 
Bacteriophage Avas given intravenously on August 9 AA'ithout any attempt 
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to produce a shock and daily therafter in doses of 1 cc. until September 13, 
when the patient was allowed out of bed. He was discharged on September 
20 and in December he was entirely recovered and “ none the worse from his 
long and difficult experience.” 

No. 95, J. B., male, aged 26, had a papule on the right side of nasal septum 
on April 13, 1934. This extended and was incised on April 17. _ He was 
admitted to the West Hudson Hospital, Kearny, N. J., on April 19 and 
blood culture taken on that day gave a growth of S. aureus.^ Subsequent 
blood cultures were negative. Bacteriophage was given intravenously 
on April 22, a dose of 0.5 cc. at 1 a.m.; 1 cc. at 1.40 a. m.; 2 cc. at 2.20 a.m.; 

3 cc. at 3 A.M.; 4 cc. at 3.40 a.m.; 5 cc. at 4.20 a.m.; 10 cc. at 5 a.m.; 10 cc. 
at 5.40 A.M.; 10 cc. at 6.20 a.m.; 10 cc. at 7 a.m. and 10 cc. at 7.40 a.m.; a 
total of 65.5 cc. in about 7 hours. The patient’s temperature remained 
at 101.6 to 101.8 during this time and was 101.6 at 8 a.m., but rose rapidly 
to 105 at 10.30 A.M., descending again to 100.6 at 8 p.m. _ At 9.15 p.m. an 
intravenous injection of 5 cc. phage was given and at midnight the tem- 
perature reached 106, the highest point, descending to 100.6 at 6 a.m., 
April 23. Beginning at 10 a.m. on April 23, intravenous phage was given 
every 45 minutes to 7 p.m., a total amount of 75.5 cc. The highest tempera- 
ture was 102 at 8 p.m. A precisely similar course of treatment was given on 
April 24 and on this day the highest temperature was 100.4. After that 
the temperature did not again exceed 99 and the patient was discharged 
from the hospital on April 29 and on May 7 the face was finally healed 
without scar. 

No. 78, F. D., male, aged 27, developed fever, chills and productive cough . 
about November 4, 1933, and %vas admitted to Morrisania Hospital on 
November 9 nith physical signs of pulmonary exudate in both lower lobes. 
The temperature reached 105.4 on November 11 and 106.6 on November 
14 and 15. Blood culture taken on November 20 jdelded S. aureus and 
fluid from the right pleural cavity on December 19 revealed the same organ- 
ism. Bacteriophage was given intravenously on November 25 in gradual^ 
increasing doses at intervals beginning wth 1 cc. at 1,30 p.m. and ending 
^vith 7 cc. at 6.40 p.m., the total being 30 cc. This was followed by a ChiU 
and temperature rise to 106 at 7.30 p.m. and prompt fall to 99.8 at 8 p.m. 
Intravenous bacteriophage was continued in smaller doses until December 
29, after which time the temperature remained below 99. Blood culture 
taken on November 30 yielded one colony of staphylococcus and subsequent 
ones were negative. Thoracotomy was not performed. Roentgenograms 
revealed a persistent thickened pleura. The patient was discharged as cured 
on January 6, 1934. 

No. 89, E. M., male, aged 28, had osteomj’^elitis of lower third of right 
femur for about 20 years. About January 16, 1934, this region became 
painful and on Februarj'^ 1 he entered St. Peters Hospital, Brooklyn, where 
an abscess on the lateral aspect of the femur was incised. The pus con- 
tained S. aureus. The patient developed a septic temperature and blood 
cultures taken on Februarj”^ 17 and February 19 gave growth of the same 
organism. On Februarj' ^^ at 10.25 a.m. 0.5 cc. of bacteriophage was given 
in^travenouslj' and continued in graduallj'’ increasing doses at intervals 
of 30 to 50 minutes until 7 p.m., when a total amount of 75.5 cc. had been 
given. There was no shock but some increase in sweating at 11 a.m. The 
temperature rose gradually from 97.8 at 10.25 a.m. to 104 at 8.30 p.m. 
Morpmn sulphate gr. \ at 2.40 p.m., gr. i at 5.30 p.m. aud gr. ^ at 7 p.m. 
maj' liave played a part in suppressing the reaction but this is merely a 
.sunnise. On Febmarj* 25 amputation was done at lower third of right thigh 
after which the temperature became normal and the amputation wound 
was Iiealed completely on April 28, when the patient was discharged. The 
attendmg surgeon believed that the bacteriophage was without beneficial 
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effect and the removal of tlie focus of infection by amputation on Fcbnian," 
25 resulted in the change in course of the disease. 

No. 71, T. II., male, aged 29, sulTered a comi)oimd fracture of the right 
ankle on September 21, 193.3. Subsc(iuently he developed sei)ticcmia and 
multijde metastatic abscesses. The blood culture was rejicatcdly positive 
with S. niireus and Slrep. hewobjUem, single or mixed together. After a des- 
perate and prolonged illne.«s, during wliich transfusions, stajdiylococcus 
bacteriophage and streptococcus scrum were employed, the j)aticnt recov- 
ered and was discharged from hospital on March 23, 1934. This case has 
been made the subject of a separate report."' 

No. 112, E. 0., female, aged 31, muitipara, was delivered at the Com- 
munity Hospital, New York City, of a stillborn child on June 2G, 1934. 
Sepsis developed on June 28. Repeated transfusions were given and an 
abscess in the right broad ligament was drained on July 10. A positive 
blood culture was obtained on Jub' 23, reported finst as hemolytic strepto- 
coccus and later recognized as S. aureuK. The temperature reached 107 
on July 21, 23, 24, 27, 29 and Augu.st 5, and on July 19 and August 4 it 
reached 108. The highest temperature observed was 108.0 on Julj' 25, 
at which time the patient was in a con\'uision. Bloody .sputum from abscess 
in the right lung and purulent urine showed abundant staphylococci mixed 
with an apparently anaerobic bacillus which failed to grow in culture. 
Blood cultures remained negative except for the one taken on July 23. 
On July 30, streptococcus serum was given and after further study of the 
blood culture, stajdiylococcus bacteriophage was given intravenously in 
dixdded doses to a total of 7 cc. This was followed by a chill and tempera- 
ture rise to 100.4 with droj) to 99.2 the ne.xt morning. Intravenous bacterio- 
phage was continued in smaller doses daily until August 29 and thereafter 
in .subcutaneous doses until September 28. The patient was discharged 
November 4 and was reported in perfect health in ‘March, 1935. This 
case will probably be reported elsewhere in detail by Dr. H. P. MacGregor 
and Ills associates. 

iVt?. 108, If. H., male, aged 37, injured his left thumb with a piece of 
steel on May 4, 1934 and was admitted to St. Johns Hosjiital, Long Island 
City'^, on May IS with osteomj'elitis of the thumb from wliich >S. aureus 
was isolated. Blood culture taken on June 20 and another on June 21 
gave growth of the same organism. iVn abscess of the left foot was noted on 
July 1. Intravenous bacteriophage was given first on July 3, a total of 
75.5 cc. in dhdded doses from 4.50 a.m. to 5.30 p.m. and again on July 0, 
a total of 75.5 cc. from 11 a.m. to 9.30 p.m. Following this second course 
the temperature rose to 103 and fell to 99.2 the next morning. On July 10 
he received 55.5 cc. followed bj”^ a sharp temperature rise to 105 at G.15 p.m. 
and a fall to 97 at 4 a.m. following. Another series of injections to a total 
of 21.5 cc. were given on July 11 and another series on July 13 to a total 
of 75.5 cc. Apparently the recommended small daily doses of phage were 
omitted but we are uncertain as to this because the record available to us 
is not very' detailed. Positive blood culture M'as obtained on September 4 
and September 20 and blood culture taken on September 28 remained 
negative. The patient was discharged in good condition on November 25. 

No. 59, A. AV., male, aged 39, suddenly became ill on July 10, 1933. He 
was admitted to the Post-Graduate Hospital on July 12, 1933, and finally 
ischarged on June 2, 1934. His abridged clinical record has been presented 
in the preceding paper.-* _ 

No. 56, A. R., female, aged 49, had received treatment for a right ureteral 
calculus in the Beth El Hospital, Brooklyn, from June 2 to 19, 1933. After 
ureteral instrumentation the concretion was expelled on June 13. After 
antiseptic treatment she was discharged on June 19. At home she had an 
irregular fever, at times as high as 104 and was again admitted to the same 
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hospital on June 23, 'nutli pj^elonephritis. Left pleurisy with effusion was 
recognized on June 25 and pneumonia in both lower lobes was found on June 
27. The patient’s temperature reached 105 on June 28 after a chUl. A 
blood culture taken June 29 yielded 30 colonies of S. aureus per cc. of blood. 
Intravenous injections of phage were begun at 5.20 p.m. on July 1 and con- 
tinued at intervals of 40 to 60 minutes until 12.10 midnight, the total 
amount being 58.5 cc. Tsventy minutes later, at 12.30 a.m., July 2, there 
was a chill lasting 20 mmutes and the temperature reached 106.4, falling 
quickly to 103 at 4 A.M., 101 at 8 a.m. and 99.6 at 4 p.m. on July 2. An 
intravenous dose of 5 cc. phage was given at noon on July 2 and then doses 
of 2 cc. were given morning and afternoon, apparently with considerable 
irregularity, until August 31. Blood culture taken on July 3 yielded 2 
colonies of staphjdococcus per cc. and one taken on July 8 showed a “few” 
colonies. Five more blood cultnres taken during her staj'- in the hospital 
remained negative. Multiple pyemic abscesses appeared and these were 
treated conservatively. Some resolved without drainage, others healed 
after aspiration of the pus and some were incised and irrigated with phage. 
She was discharged on December 29. We are informed that she developed 
more abscesses after lea-\dng the hospital but was much improved in June, 
1934. 

No. 8S, C. B., male, aged 64, a private patient of Dr. Russell Cecil, 
developed fever and intestinal stasis about January 1, 1934. A preliminary 
diagnosis of intestinal neoplasm could not be confirmed by roentgenologic 
study. About the middle of January a positive blood culture was obtained 
and a few days later several teeth were extracted. He was seen by us in 
consultation on January 27, and, after taking a blood culture, which later 
yielded 218 colonies of S. aureus, stock bacteriophage was given intra- 
venously at intervals of about 40 minutes beginning with 1 cc. at 2 p.m. 
and ending with 26.5 cc. at 6.45 p.m., the total amount being 100 cc. Small 
intravenous doses were given on the next 2 days. On January 30 at 7.55 a.m. 
a blood culture was taken which later developed only 12.5 colonies per cc. 
of blood and then the newly prepared specific phage was ^ven intravenously 
in 10 cc. doses morning and evening. On February 1 this phage was given 
in a series of injections to a total of 90 cc. after which there was a chill. 
Another series of injections, total amount 150 cc., was given on February 8 
and this series was folloAved by a moderate shock reaction. Bacteriophage 
treatment was then discontinued, contrary to our advice. Blood culture 
taken on Febraary 11 yielded 42 colonies per cc. of blood. The patient 
was clinically improved at this time. Subsequently pyuria was recognized 
with staphylococcus in the urine. Apparently this resulted from a renal 
infarct. He continued to improve, spent a comfortable summer, after 
which he returned to his professional work, apparentl 3 ’- normal. 

Of these 25 patients only 3 were seen by any of us in person. To 
the others we furnished bacteriophage and suggestions for its use 
upon request of the attending physicians and our information con- 
cerning the clinical features and also the cultures transmitted to 
us are not primarily our own. Even the 3 patients seen by us 
(Nos_. _57, 86, 110), were seen in consultation after several other 
physicians had already been consulted by the attending physician. 

The Fatalities. The conservative physician ordinarily is reluc- 
tant to employ unfamiliar therapeutic measures) particularly if 
they are believed to be dangerous, until he has exhausted his usual 
remedies and is compelled to recognize that he is confronted with a 
desperate or practically hopeless situation. This attitude has been 
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correct, in our opinion. It is rc])catcdly and indeed almost uni- 
formly exemplified in the series of 100 cases here presented. We 
hope, however, that future patients may be given the chance of 
help olfered by intravenous bacteriophage without too great delay 
after staphylococcus invasion of the blood stream has been recog- 
nized. In the present scrie.s, several patient.s died before the bac- 
teriophage was actually used in treatment. In othcr.s the cour.se of 
bacteriophage treatment was interrupted or its use was such as to 
leave something to be desired. Brief notes on some of these unfor- 
tunate cases follow. 

No. 20, E. P., a woman, aged 20, was delivered of a macerated fetus on 
.fuly 10, 1932. Blood cnltnrc.s taken on July 17 and .Inh* 22 3 'iclded S. mtreus, 
SO colonies per cc. of blood on the latter date. On July 20 there was a severe 
chill and her phj’sician reciiie.sted bncteriopl)nge which was promptlj" 
furnished. However, when the bacteriophage arrived the “patient did not 
.seem verj* ill and other consultants would not permit phage therapj'.’’ 
On the next day hj'.sfcrectomj' was performed. The i)aticnt died on August 4. 

No. SI, L. B., a girl, aged S, developed otitis media on September 14, 
1932, followed by extensive inflammation of the accessorj' nasal sinuses. 
On September IS, the maxillarj* antrum was opened and portion.s of tur- 
binate bodies removed. Culturc.s from the sinuses jn’clded 5. aureus but 
there appears to be no record of a jmsitive blood culture. Bacteriophage 
was reciuested on September 23 and was ])romihly sui)i)lied. Intravenous 
injections of the phage were given : 5 cc. on September 24, 2 cc. on September 
25, 4 cc. on the 2Gth, 5 cc. on the 27th and on the 2Sth, 15 cc. on the 30th, 
10 cc. each on October 1 , 2, 3, 4 and 5. iMctaphen and Pregl’s iodin were 
also given intravcnouslj" and several tran.sfusions were giA^cn. The necrops.y 
on October 5 disclosed pundent pachjmieningitis, general phlebitis of tlie 
dural sinuses vith obliteration of the cavernous sinuses, purulent adhesive 
pericarditis, metastatic abscesses of the heart muscle and of the Iddnej'S. . 

No. 36, P. S., a boy, aged IG, received a bloAv on the chest wall about 
November 2, 1932. On November 15, he Avas admitted to hospital, irra- 
tional, AAuth diagnosis of acute rheumatic fever. On NoA’-ember l6, the 
spinal fluid contained 10 cells per c.mm., AAuth a trace of globulin; thick pus 
AA'as aspirated from the chest A\'all and a blood culture was taken, AA’hich 
yielded S. aureus by the next da 3 ". TJiereupon bacteriophage Avas requested 
and intraA'enous injections started: 0.5 cc. at 11.40 a.m., 1 cc. at 12.10 p.m. 
Then the thoracic A\nll Avas incised and a fractured rib disclosed. FolloAA'ing 
the operation a dose of 4 cc. of phage AA^as giA'en -intravenously at 2 p.m., at 
Avhich time the patient was eAudently failing. At 2.30 p.m. there Avas no 
response to stimulation and at 3.46 the patient died. The autopsy pre- 
sented the picture of general sepsis. 

No. Ji2, M. H., a girl, aged 17, Avith osteomyelitis of the pelAnc bones, 
invading the hip joint, was relieved of lier blood-stream infection following 
bacteriophage therapy but developed severe secondar3’^ infection of the 
operative wound Avith hemolsdic streptococci and other bacteria and eA'ent- 
ually died. Her record has been presented in an earlier paper. ^ 

No. J!i4 V. M., female, aged 21, ill since December 31, 1932, developed 
local pain and sAvelling in the left parotid region about January 14, 1933. 
Upon admission to hospital, January 21, a blood culture was taken wliich 
yielded staphylococci. The parotid region was incised and pus found on 
January 23. Bacteriophage was requested on January 24 and promptly 
supplied b 3 ^ messenger but the patient died at 1.30 p.m. on this date before 
the bacteriophage could be used. 
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No. J,5, E. C., a girl, aged 11, had a blood culture taken January 24, 1933, 
which jdelded countless colonies of S. aurevs. Bacteriophage was requested 
January 26 and immediately supplied. Some of it was used, but not more 
than 20 cc., because the remainder was returned to us. Death occurred 
on January 26 and autopsy disclosed emp 5 'eraa, multiple abscesses in myo- 
cardium and osteomyelitis of the right clavicle. 

No. 48, C. 0., a girl, aged 16, was admitted to hospital with acute left 
mastoiditis on January 25, 1933, and treated by mastoidectomy on Januap’- 
28. Bacteriologic findings on material from this operation are not avail- 
able. Blood culture on February 3 yielded jS. albus. On February 4 and 
February 6 blood culture gave negative result. On February 7 the lateral 
sinus was exposed and the left jugular vein ligated. On Febniaiy IS blood 
culture again gave groud;h of <S. albus. Bacteriophage was requested and 
supplied by us on February 18. A second blood culture, which appears to 
have remained negative, was taken about 6 p.m, on this day and then the 
bacteriophage was given intravenously at 6.20 p.m., a dose of 1 cc. and sub- 
sequently at intervals of 1 hour doses of 2-6-8~5 cc. up to 10.20 p.m., the 
total amount being 22 cc. There was no evident reaction. On the next 
day, Februaiy 19, an intravenous dose of 5 cc. was given at 1 p.m. and 
another of 8 cc. at 2 p.m. There was a cliill at 2.25 p.m. On February 20 
an intravenous injection of 2 cc. was pven at noon and on February 21 
at 11.30 A.M., 2 cc., and again at 8 p.m., 2 cc. On February 22 a blood culture 
was taken, which appears to have remained negative, and then the patient 
received a series of intravenous injections from 11.25 a.m. to 9.30 p,m., the 
total amount being 153.5 cc. At 8 p.m. there was some mental confusion 
but there was no recognized chill. An injection of 5 cc. was given on 
February 24 and again on Februaiy 2d and February 28, but apparently 
no more phage after that. Transfusions were given: 400 cc. on March 7 
and 500_ cc. on March 11. On March 11 the jugular bulb was explored. 
The patient died at 8.55 p.m. March 13. Without wshing to be too critical, 
one may nevertheless express some skepticism about the validity of the 
two positive blood cultures in which S. albtis was recognized. It must also . 
be evident that the clinical application of the bacteriophage lacked pre- 
cision, This record is presented as an example of lack of sympathetic 
understanding of bacteriophage therapy and a lack of intelligent clinical 
application of this agent. We include it among our failures, although we 
suspect that the patient actually died of a streptococcus mastoiditis com- 
plicated by sinus tlirombosis. The record of temperature and pulse has 
not been made available to us. 

No. 61, A. R., male, aged 27, had chronic recurrent osteomyelitis with 
amputation of leg in 1918. He was admitted to hospital on March 3, 1933, 
and an operation was performed on the femur on April 28. On April 29 
at 4 a.m. the temperature reached 106.4 and a blood culture taken at this 
time yielded S. albus. His condition steadily grew worse. Bacteriophage 
was requested and supplied on May 3 and beginning at 10.45 a.m. on this 
date a series of 13 intravenous injections was given, the total amount of 
phage being 75.5 cc. There was no evident reaction. The' patient died at 
6 A.M., May 4. 

N 0 . 55, S. K., female, aged 31, had a furuncle on her chin on June 12, 1933. 
She was admitted to hospital at 1.45 n.M. on June 16 at which tune her 
temperature was 101.8, rising steadily to 105 at midnight. Blood culture 
mken on June 16 yielded a growth of staphylococcus on the next day. 
Bacteriophage was then requested and supplied and at 11.20 a.m. June 17, 
an intravenous injection of 4 cc. was given. There was no reaction. The 
patient died at 11.45 a.m. 

A^o. 57, A. N., male, aged 57, developed an abscess near his left knee .on 
June 12, 1933. He was admitted to hospital. A blood culture positive for 
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S. aurcvs was obtained on July 8, 1933 and bacteriopbage was supplied 
bj' us on July 10. On August 4, he was transferred to a second bosjntal, 
where the bacterio})hage treatment was resumed on August 17 with tlie 
specific ])reparation. The blood culture became negative and on August 24 
we were infonned that the patient was much improved. Bacteriophage 
therapy was discontinued on August 31; a note in the record submitted 
to us a year later says “no more baclerioiihagc obtainable.” The patient 
died October S, 1033. 

No. G4, H. C., male, aged 41, was admitted to liospital August 2S, 1933. 
Blood culture taken on this dnj' gave positive growth of staphylococcus 
on August 30. Spinal fluid taken on August 2S was under increased pressure 
with slight increase of cells, and another sj)inal fluid taken on August 29 
gave n positive growth of staphylococcus. Bacteriophage was requested 
and supplied on August 31 . At this time the neck was rigid and the patient 
comatose. Intravenous injections were started at 11.50 a.m. and continued 
until 3.30 r.M., the total amount of phage being 15.5 cc. Death occurred 
at 4.10 p.M. and autopsy disclosed an acute vegetative endocarditis and 
embolic abscess of the brain. 

jVo. G9, a. M., male, aged 37, had a small furuncle inside the nostril on 
the nasal septum on September 14, 1933. The swelling had extended to 
the forehead and eyelids when he was admitted to hospital on September 19. 
Record of blood culture has not been given to us but we were informed that 
the patient had staph)’lococcus septicemia on September 23, 1933, when 
the bacteriophage was first requested and immediately supplied by mes- 
senger. The patient died before the bacteriophage reached the hospital. 
The final diagnosis was cavernous sinus thrombosis and meningitis, 

No. 73, R. S., female, aged 31, had been under treatment for mastoiditis 
4 months. At some time before her last illness she got a splinter in her 
finger and a felon had developed but this was not treated by a physician. 
On November 1, 1933 she had a violent headache and was admitted to 
liospital on November 2. Blood culture taken then was sent to us on 
, November 3 with positive growth of S. aureus. Bacteriophage was su)i]ilied 
at once but the patient died on November 3, before an}' of it was used. 

No. 86, E. 0., female, aged 24, had a small furuncle on her face on Decem- 
ber 24, 1933, which was opened. On December 31 she had a chill and on 
January 1 her temperature reached 105. She was admitted to hospital on 
January 6 and a blood culture taken on this day yielded S. aureus. The 
culture was submitted to us on Januarj' 9 with request for bacteriophage 
which was at once supplied. On January 10, intravenous injections of the 
phage were begun at 4.15 r.M. and continued until 12.25 a.m., the 
total amount given being 75.5 cc. There was no reaction and the phage 
therapy was discontinued. The patient died on January 18, 1934 at 

' N^. 87, V. H., a girl, aged 12, had an infected blister on her heel on 
January 7, 1934. On January 14, she was admitted to hospital with a 
suppurating left knee joint and osteomyelitis of left femur and left shoulder. 
Blood culture taken either January 14 or 15 jdelded 29 colonies of S. aureus 
per cc. of blood. Bacteriophage was requested on Januarj’^ 25. The intra- 
TCnous injections were started on this day and continued to January 28, 
the total amount administered in these 4 days being 90 cc. The attending 
physician then discontinued the use of bacteriophage. The blood culture 
taken on January 27 showed 4 bacteria per cc. of blood and that taken on 
January 31 as well 'as subsequent blood cultures was negative. Many 
transfusions were given after Januag>L The patient died on June 20, 
1934 nearly 5 months after bacteriophage therapy was discontinued. 

No 9S W J. male, aged 46, was admitted to hospital on February 26, 
1934 and’his left kidney was removed on March 1. On March 2 his tem- 
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perature rose to 102 and on March 19 it reached 105, remaining above 104 
thereafter until death. A blood culture, apparently taken on March 19, 
yielded growth of staphylococcus. Bacteriophage was requested on March 
20 and supplied at once. However, none was ever given to the patient. 
On March 22 an exploratory thoracotomy was done with negative findings. 
The patient died on March 23. 

No. 102, L. S., male, aged 34, suffered a wound of thumb by broken glass 
on December 24, 1933. A severed tendon was sutured on the same day. 
Blood culture taken on January 15 was negative but that of January 19 
yielded S. aureus. Subsequently many positive and some negative blood 
cultures were obtained. There were 23 operations for drainage of suppurat- 
ing foci and 30 transfusions. After about 5 months, bacteriophage was 
requested on June 6, 1934, as a last resort. On tliis day the patient received 
75.5 cc. intravenously in a series of injections. Smaller doses were continued 
daily until June 13. A blood culture taken June 9 was positive for staphylo- 
coccus. Death occurred at 2.30 a.m. on June 15. 

No. 106, H. M., male, aged 19, was admitted to hospital on April 30, 
1934, with infected hand and diabetes. Blood culture taken on May 7 
gave growth of iS. aureus. The hand was incised on May 9, the arm on 
May 10, the elbow on May 11 and the arm on May 13. Further operations 
ineluded chest aspiration and incision of leg on May 19, incision of heel on 
May 22, incision of forearm on May 26, aspiration of abscess in neck on 
June 2, incision of buttock on June 4 and incision of arm on June 9. A 
stock bacteriophage was employed from time to time as follows; May 17, 
intravenously, 5 cc.; May 26, applied to wounds; May 30, a course of intra- 
venous injections; June 2, local application of 10 cc. to abscess in neck; 
June 7, a course of intravenous injections yrith shock and temperature rise 
to 106. Our service was requested on June 23 and on the next day our stock 
bacteriophage was given in a series of intravenous injections to a total 
amount of 41.5 cc. Small injections were given on June 27 and July 2. 
Specific bacteriophage was prepared as rapidly as possible but with unusual 
difficulty and delay. It was finally ready but did not reach the bedside 
of the patient (Fhhadelphia) in time to be used. The patient died July 3, 
1934. 

No. 113, R. M., male, aged 15, had pain in his abdomen, right hip and 
right thigh upon awakening August 2, 1934. He was admitted to hospital 
on August 3. Blood culture, taken apparently on August 4, gave positive 
growth of S. aureus. On August 6 an intravenous injection of 20 cc. of 1% 
mercuroclirome was given. Later on this same day bacteriophage was 
requested and the stock asparagin preparation was given intravenously in 
divided doses to a total amount of 29.5 cc. followed by cMll and temperature 
rise to 106.8. On the next morning the temperature was 99. Contrary to 
our advice, another series of intravenous doses was administered to a total 
of 19.5 cc. with chill and temperature rise to 105.2. On August 8 a tlurd 
series to a total of 59.5 cc. was given without reaction. The patient ap- 
peared better and the temperature was lower. Blood cultures, however, 
retnained_ positive. Bacteriophage therapy was then discontinued. A 
^ries of irradiated transfusions was given from August 9 to August 16. 
On August 17 bacteriophage injections were started again and given daily 
in large amounts; 70.5 cc. on August 17, 19.5 cc. on August 18, 60.5 cc. on 
August 19, 80 cc. on August 20, 20 cc. on August 21 and 20 cc. on August 22. 
The patient died at 11.45 p.m., August 23. 

It is, perhaps, essential to emphasize the fact that these patients 
were not under our control. We have supplied bacteriophage upon 
request to any qualified physician wdio furnished reasonably reliable 
evidence that his patient had a staphylococcus bacteremia. Along 
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with this we have ineluclcd advice in rcganl to use of this agent, 
whicl\ may or may not Iiavc heen followed. We have earnestly 
rctiuested that the ])osilivc blood eiillnre, ])referal)ly one of the 
original plates, be delivered to us at the earliest j)ossiblc moment 
and tliat we be furnished with a record of tlie ease u])on its comple- 
tion. We are very grateful indeed for the records wliich liave been 
provided by tlie different physicians and ]ios])itaI executives. With- 
out these this discussion would not be ])ossible. For scientific 
purposes, it is perhajjs fortunate that there has been such a lack 
of unifonn practice in using the bacterio]ihagc. One thus has 
presented a variety of contrasts in therapy and also some contrasts 
in results. Such records of past c.xpcricncc guide a future course 
through similar problems. 

The few selected fatalities briefly reviewed above illustrate some 
of the most marked dej)artures from the method of treatment which 
we recommend. In some instances a more fortunate thcrapeutie 
program might have led to a better outcome. We hesitate to pass 
judgment however. Certain it is that many patients in the scries 
succumbed to the disease even though the treatment represents 
the best of which we possess knowledge. One has to recognize 
that staphylococcus bacteremia is a disease of high mortality and 
that in many instances it has already passed beyond human control 
before the diagnosi,s is made. 

Comment. The appraisal of a therapeutic agent on the basis of 
clinical e.xperipncc is beset with difficulty. The human material is 
lacking in uniformity. One takes the patients as they come. It has 
been suggested that alternate patients might be observed as con- 
trols, intentionally omitting the use of bacteriophage. Such a pro- 
gram would require a control of the clinical material which we have 
lacked. Furthermore, we should be loath to attempt such a control 
series even if the clinical material were available under our control. 
One occasionally hears that in staphylococcus bacteremia the death 
rate without bacteriophage is only about 50%, but one does not 
find the recorded observations on which such a loose statement may 
be based. Apparently those who have observed such recoveries 
have been satisfied to make their diagnoses on clinical evidence 
only or upon a single positive report of growth of staphylococcus 
of undetermined variety in a flask of broth, or in some instances 
without any distinct attempt to identify the sort of microbe present 
in the blood culture. Previous to tlie use of bacteriophage our 
observations of staphylococcus infection of the blood stream, proven 
by reliable blood cultures, had made us believe that recovery was 

extremely rare. . 

Though each individual m this series has presented peculiar 
features^ nevertheless there are several which may be placed in a 
control group, not by our intent, but by circumstances wholly 
beyond our influence. For Patient 26, for' example, the bacterio-- 
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phage was supplied but not used, apparently because she was not 
regarded as sick enough to warrant it. Patients 44, 69, 73, 93 died 
before any bacteriophage was used. Patient 51 died within 20 
hours after beginning use of the phage, which produced no recogniz- 
able reaction. Patient 64 was comatose when the bacteriophage 
was started and died 4 hours later without reaction. In 2 instances 
(Patients 26 and 93), the clinical condition upon arrival of the 
bacteriophage was good enough to allow further operative incision. 
In the other 5, the disease had already reached a clinically hopeless 
stage. These 7 may properly be regarded as controls. 

In the discussion of the fatalities there are mentioned 12 other 
patients whose records indicate inadequate use of bacteriophage or 
complicating factors in the disease or in the therapeutic measures 
employed. In some of these the bacteriophage was discontinued 
after clinical improvement and the disease again progressed to 
death, as for example Nos. 57, 87 and 114. 

In the group of 25 survivals, Patient 100 appears not to have 
been helped by the bacteriophage and in fact there is good reason 
to doubt the existence of staphylococcus bacteremia in this case. 
Patient 74 did not receive any bacteriophage and the evidence of 
a blood stream infection in this case seems to be quite inadequate. 
The remaining 23 patients who recovered seem to have received 
benefit from the bacteriophage and in several of these the effect 
may properly be said to have been life-saving. 

Summary. 1. Staphylococcus septicemia* occurs in both sexes 
and at all ages but during adult life is somewhat more common in 
males. 

2. Brief notes are presented on 100 cases, No. 16 to No. 115 in 
our series of staphylococcus bacteremias receiving our bacteriophage 
service. Of these patients 75 died and 25 survived. This is a much 
better percentage than is found in published reports of this condi- 
tion. 

3. Staphylococcus infection of the blood stream is definitely 
influenced bj' the intravenous administration of potent bacterio- 
phage and when wisely employed the bacteriophage is helpful, 
sometimes even life-saving in the treatment of these patients. 
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AIucJi lias been written on tlic (liil'ercntinl (ljagno.si.s of coronary 
occlusion, especially in regard to the accuracy with which this 
condition may mimic acute ahflominal disturbances. Lately, atten- 
tion has been called to the antithetical problem of misinterpreting 
acute abdominal symptomatology as coronary disease.' The elec- 
trocardiogram is an invaluable aitl in this differentiation if used with 
a knowledge of its limitations. Occasionally it is unchanged in 
coronary occlusion, ^’hc following re])ort demonstrates the op])osite 
situation, namely, that clcctrocarrliograj^hic changes typical of 
coronary occlusion may occur in the absence of that accident. 

Case Beport. A white man, .aged .a9, was first seen on Jnnuary 17, 1934, 
complaining of headache and fatigue. He had had scarlet fever in cliildhood 
and a cholccystcctoin}" for gall stones 9 years before. There wore dyspnea 
on slight exertion and a history of 3 attacks of auricular fibrillation in the 
last 3 j'ears. On physical examination, the pulse rate was 112, and the 
idood pressure was 105 systolic and 120 diastolic. There was a soft systolic 
Idow localized over the precordium. In addition, there were moderate 
exophthalmos and lid lag. The left pupil was slightly larger than the right, 
though both were round and reacted to light. Tlie knee jerks were active. 
Orthodiagraphic measurements were: transverse cardiac diameter, 13.9 cm.; 
transverse diameter of the chest, 2G cm. The thoracic portion of the aorta 
was slightly ectatic. The Kahn test of the blood was negative. The basal 
metabolic rate was -bl%; other laboratory procedures were uninformative. 

On April 27, 1934, he was brought to the Cottage Hos]iital in an ambu- 
lance from a bath house on the beach, where he had been picked up uncon- 
scious. He was in coma and c.\'trcmely dyspneic. The systolic arterial 
pressure was 50; the diastolic, 40. The radial pulse was weak and at times 
unobtainable. The apex heart rate was 120 and the sounds were distant 
but regular. Rdles were heard at the bases of the lungs posteriorly. The 
remainder of the examination, including the abdomen and reflexes, was not 
remarkable. A catheterized urine specimen was free of sugar and acetone 

An electrocardiogram was strikingly changed as compared with a pre\aous 
one (Fig. 1) taken, Januaiy 17, 1934, in which the only abnormality was 
pronounced left-axis deAuation. On the new tracing obtained 2'- hours 
after hospital entry (Fig. 2), there was a rate of 90, disappearance of the 
left-axis deviation, an cx-tremely high take-off of the T waves in Leads 2 
and 3 and a normal Lead 4 as obtained by chest electrodes. This is a 
“F3”’type of tracing,^ showing the changes frequently encountered m 
recent coronary occlusion and suggesting that the infarcted area is near 
the base of the heart. 
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Death occurred a few hours after hospital entry. The clinical diagnosis 
was acute coronarj’- occlusion. 

Necropsy (11 hours after death): The abdominal part of the aorta was 
dilated to a circumference of 13 cm. from a point 12 cm. proximal to the 
bifurcation and extending distally into the ori^s of the common iliac 
arteries. There was a transverse rupture, 5 cm. in length, of the posterior 
part of the wall, 10 cm. proximal to the bifurcation, with extensive retro- 
peritoneal hemorrhage. The aortic wall was thickened throughout this 
region, the intima being friable, and mottled with yellow and white plaques, 
but containing little Ume. The heart weighed 500 gm. and was unchanged 



except for pronounced tliickening of the walls of the coronary arteries. 
This was particularly true of the descending branch of the left and of the 
main stem of the right. The lumens were patent throughout, though in 
places considerably narrowed. The myocardium everywhere was red- 
brovTi, and especially careful search failed to reveal any scars or areas of 
softening. In sections of the aorta, moderate thickening of the intima ndth 
nbroiis tissue was seen, as well as the characteristic syphilitic changes of 
perivascular round-cell infiltration of the adventitia and media. In sec- 
tions from seveml portions of the myocardium, the muscle fibers were 
widened and stained well. There was no fibrosis. 
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Comment To our knowledge, the diagnosis of rujitured aneurysm 
of tlie abdominal part of the aorta has not previously been confused 
with coronary occlusion. Usually, the prominent symptom of low 



Fig. 2.— EIcctrocardioBrnm taken after attack of unconsciousness, a few hours licforc 

death. 

back pain serves to focus the attention away from the heart and, 
while the diagnosis may not at first be evident, acute cardiac disease 
need not be considered. 
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White ct al.^ have recently reported a case of disseeting aneurysm 
of the thoracic part of the aorta wrongly diagnosed as coronary 
occlusion. In retrospect, they explain that the correct diagnosis 
should have been suggested by the lack of sufficient electrocardio- 
graphic abnormality. This is particularly interesting to us, as in 
this case rve were confronted with typical electrocardiographic 
evidence, apparently confirming the erroneous diagnosis of coronary 
occlusion. 

Acute changes in the R-T and S-T segments of the electrocardio- 
gram, are associated (a) with a sudden disturbance of the metabolism 
of the heart mediated through changes of certain of the constituents 
of the blood, and (6) with sudden partial or total deprivation of the 
blood supply to a portion of the myocaVdium. To the first group 
belongs the changes associated with various toxemias, such as 
pneumonia"* and uremia,® in which the T waves have been noted 
to be of the coronary type. Lilcewise here are classified the elec- 
trocardiographic alterations encountered in diabetic coma (Faulkner 
and Hamilton)® and insulin shock, or in the abrupt but less serious 
fluctuations of blood-sugar level, dependent upon improper treat- 
ment. In diabetes, according to Soskin et the storage and/or 
utilization of glycogen is interfered with. Following excessive 
doses of insulin, the energy production of the heart muscle is handi- 
capped because of the too rapid lowering of the blood sugar and 
depletion of the supply. Hence, the final effect of too little or too 
much insulin is similar. Decreased amplitude and increased slurring 
of the Q-R-S complexes and a tendency of the S~T segment and 
T wave to shift in a direction opposite to the major initial complex 
were noted. Siegel® has likewise shown that, if the production of 
lactic acid from its precursors, sugar and glycogen is interfered with 
(as in diabetes), the T waves become flattened. 

Finally, to this first group may be added the observations of 
Katz et aL,® who found that general anoxemia in normal persons 
produced diminution in the amplitude of the T waves, at times 
leading to inversion, without the occurrence of pain. At the same 
time the S-T segment became depressed. Similar changes were 
found in patients with angina pectoris, of whom 2 out of 6 had mild 
pain. 

As regards the second group, the electrocardiographic changes of 
coronap" occlusion are well known. The ischemia may be relative 
as a discrepancy between the demands of the heart and its blood 
supply (Lewis*®), or absolute when a portion of the myocardium is 
totally deprived of its circulation. The lumens of thickened coron- 
ary arteries may be adequate to provide sufficient nourishment for 
a heart beating at a normal rate, but inadequate for the same heart 
speeded up by exercise, thyrotoxicosis, fever, etc. 
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In the present instance, the explanation appears to he tliat, tliough 
tlie coronary arteries liad considcralily thickened walls, they sup- 
plied enough blood to the heart muscle to ])revent anginal symptoms 
and electrocardiographic changes. Following the hemorrhage, how- 
ever, with attendant reduction of the circulating blood volume and 
shock, the myocardium ivas no longer adequately nourished, as 
demonstrated by tlie second electrocardiogram. The thickened 
coronary arteries probably contributed to this cll'eet, and, had the 
patient lived longer, gross changes of softening might have been 
recognized in the heart. 

Summary. An instance is reported of ruptured aneurysm of the 
abdominal part of the aorta in which, because of coma, the subjective 
symptomatology could not be obtained. Tlie clinical picture 
strongly suggested shock following coronary occlusion. Flectro- 
cardiographic changes, which were characteristic of and before 
death were diagnosed as those of coronary occlusion, arc seen in 
retrospect to have been probably due to a relative ischemia of the 
myocardium without infarction. This ischemia depended on thick- 
ened coronary arteries and the reduced circulating blood volume 
following hemorrhage. 


We wsh to thank Dr. Fnanklin R. Nu/.iim for permission to report this case. 
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PERSISTENT PAIN IN THE SHOULDER REGION FOLLOWING 
MYOCARDIAL INFARCTION. 
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AND 
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(From the Edward B. Robinette Foundation, Medical Clinic, Hospital of the Uni- 
versity of Pennsylvania.) 

The material presented in this report consists of 14 cases in 
which more or less constant and persistent pain in the shoulder 
region developed within a period of 4 months after acute myo- 
cardial infarction. In 3 cases the shoulder pain developed almost 
coincidentallj'’ with the acute attack and in 4 other cases within 
a period of 4 weeks. In the other 7 cases the pain developed 1 to 
4 months after the acute attack. The diagnosis of myocardial 
infarction in all cases was confirmed by electrocardiograms including 
both limb and chest leads. In 11 of the 14, tracings were made 
during both the early and late stages of infarction; in 3 during the 
late stage only. 

Case Reports. Case 1.— P. M., a wliite male, aged 52, developed acute 
infarction of the anterior or apical portion of the left ventricle on May 29, 
1933. The acute pain centered in the upper part of the chest and first 
radiated down the left arm and later dovm both arms. He remained in 
the hospital for 25 days, during which time he developed continuous pain 
in the left shoulder region, wliich radiated down the left arm. Movement 
of the shoulder, although not restricted, caused temporary increase of 
the pain. 

Six months after the initial attack he suffered another attack "with pain 
similar to the first. Thereafter the pains in the left shoulder and arm 
increased. Since that time he has been subject to anginal attacks, and 
although the distribution of pain is similar to that of the continuous pain, 
he states that the anginal pain is different. He could not describe the 
difference, except that the one pain was continuous and the other parox- 
ysmal. The anginal pains, however, were promptly relieved by the inhala- 
tion of amyl nitrite. During the 3 months following the second acute 
attack, the continuous shoulder pain became worse and a so-called “trigger 
zone” developed over the upper part of the left scapula, pressure over wliich 
caused knifelike pain in the left shoulder, left breast and down the left arm. 

Neurologic examination by Dr. William G. Spiller failed to reveal any 
evidence of spinal cord disease. Spinal fluid examination was normal. 
Roentgen ray of the left shoulder was negative; of the spine showed slight 
lipping of the bodies of the vertebrse. Irradiation therapy of the upper 
spine and left shoulder region was instituted but not completed, since he 
insisted on discharge from the hospital. On his way home he suffered a 
circulatory collapse, but recovered from this attack. Later he reported 
that he was somewhat improved, attributing the improvement to the 
irradiation. However, he still suffered considerable pain. 
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Case 2.— S. S., a white male, a^etl 02, on Maj' 10, 1929, was sucldeuli'^ 
stricken with severe pain across the front of the chest, radiating to the 
left arm, the neck and the back. A diagnosis of coronary occlusion was 
made and he was kept in bed 1 0 weeks. When first seen by one of us (.1. E.) 
in October, 1929, he complained of attacks of severe substernal pain, 
radiating down the left arm, up to the neck and to the back, ])rovoked by 
exertion, excitement or talking too much. An electrocardiogram made at 
that time showed inversion of 7-2 and T-Z and a deep Q II and Q III. 
About this time he first noted continuous pain in the left shoulder and 
discovered that pressure over the upper portion of the left scapula pro- 
duced a pain which radiated to the left shoulder, down the left arm and 
up the left' side of the neck. The pain produced by pressure over the 
scapula was similar to the pain of the attacks provoked by exertion or 
excitement, except that it was less intense and did not radiate to the 
anterior portion of the chest. 

He was again seen in October, 1934. The siioulder pain had continued 
throughout the entire 5-year period, being of about tlie same grade of 
severity despite manj' different tj’pes of treatment. Movement of the 
shoulder was not impaired. The trigger zone persisted throughout the 
entire period. The anginal attacks, however, were more easily provoked 
bj' exertion or excitement than 5 years pre^'iously. Roentgen raj' of 
his spine (cervical and dorsal) and left shoulder failed to reveal anj' 
abnormalities. 

C.ASE 3.— D. S., a white male, aged 55, had attended the Medical Out- 
patient Section of this hospital since April 6, 1931. The diagnosis made 
was emphj'sema and ciironic bronclutis. Following an absence of several 
months, he returned to the section on Januap' 12, 1933, complaining of 
pain of 3 months’ duration in the shoulder joints, much more marked on 
the left." The pain was severe, constant, burning in character, and extended 
dovm to the left elbow and also over the left pectoral region. Examination 
of the left shoulder revealed nothing except some restriction of motion. 
The pain dated from a cardiac attack in which he was, in his own words, 
“saved from expiring bj' the attention of a private phj'sician who gave him 
needles in his left arm.” He also complained of occasional attacks of parox- 
ysmal dj'spnea, accompanied bj' severe substernal pain radiating to the left 
shoulder. Following these attacks the pain in the shoulder was increased 
in intensity. His electrocardiogram was of the type found in the healed 
stage of infarction of the posterior wall of the left ventricle. The shoulder 
pain had decreased somewhat bj' Maj', 1933. He was seen again, Novem- 
ber 3, 1934, when the pain had entirely disappeared. 

Case 4.— M. L., a white male, aged 58, was in fair health until July 12, 
1933. Beginning at that time, he had a succession of three attacks thought 
to be due to coronarj' occlusion. The pain centered over the precordial 
area and radiated down the left arm. He was kept at rest for 3 months 
and returned to work on October 15, 1933. On November 11, he had an 
attack of coronarj' occlusion lyhich caused grave circulatorj' collapse. As 
in the earlier attacks the pain was greatest in the precordial area and 
radiated down the left arm. An electrocardiogram revealed the presence 
of recent infarction invohing the anterior wall of the left ventricle. He 
was kept in bed for 6 weeks. He gradually regained his strength and had 
no complaints until the early part of February, 1934. At that time he 
began to complain of pain, greatest in the region of the left biceps muscle, 
but also involving the left shoulder. The pain was constant, of an aching 
character and radiated dovm the left arm. It was worse at night, requiring 
sedatives. Examination showed restriction in motion of the arm posteriorly 
but no tenderness over the joint or inuscle. Roentgen ray examination of 
the left shoulder, humerus and cervical and upper dorsal spine, failed to 
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disclose anj^ abnormality sufficient to account for his pain. Many abscessed 
teeth were found which were later removed. Smears of prostatic secretion 
contained about 25 leukocytes per high-power field and prostatic massage 
was instituted. These measures as well as diathermy and halving were 
apparently without effect. He received deep Roentgen ray therapy to the 
cervical and upper dorsal regions on November 10, 1934. Improvement 
was noted after several days and complete relief occurred in 3 weeks. 

Case 5.— W. F. A., a white male, aged 48, was admitted to this hospital 
(service of Dr. Stengel) on February 13, 1934, 2 days after the onset of a 
severe attack of coronary occlusion, with severe pain in the substernal 
area radiating to the precordium. An electrocardiogram revealed the 
presence of acute infarction involving the posterior wall of the left ventricle. 
Although at the time of admission, he was critically ill, he improved fairly 
rapidly and insisted on leaving the hospital on February 21, 1934. He was 
next seen on October 8, 1934, by our colleague, Dr. F. C. Wood. At that 
time he felt fairly well at rest; however, exertion or excitement produced a 
heavy tearing discomfort in upper sternal region. He tired easily but had 
no dyspnea. He had suffered a constant pain, ‘Tike a wrench,” in the left 
shoulder, which had begun while he was confined to bed during the acute 
attack 8 months before. The pain had recently shifted from the left to 
the right shoulder. 

Case 6.— W. J. R., a white male, aged 44, was seen in consultation 
September 17, 1934. On July 31, 1934, he had an attack which was 
diagnosed acute coronary occlusion. The diagnosis was confirmed by elec- 
trocardiogram, His acute pain began in the left shoulder and arm and 
later involved the substernal region. Since the attack he has had pain in 
the left shoulder and arm, not relieved by nitroglycerin. The pain is 
almost constant, but does not prevent him from sleeping and is not affected 
by moving the arm or walking about. There were no points of tenderness 
along the nerve trunks, nor in the muscles of the shoulder. There was no 
restriction nor pain on movement of the shoulder. Muscular strength of 
the shoulder muscles was preserved. 

Case 7.— S. S., a white male, aged 58, was admitted to this hospital 
(service of Dr. Stengel) July 23, 1932. He had suffered from angina pectoris 
for a number of years, but on July 21, 1932, had an attack of coronary 
occlusion with an overpowering feeling of compression of his chest. The 
electrocardiogram showed infarction of the anterior wall of the left ventricle. 
Convalescence was uneventful until the first week in August when he 
developed pain in the left shoulder. The pain increased when he was 
allowed out of bed and continued as a constant ache in the left shoulder. 

A focus of infection was sought. Several abscessed teeth were discovered 
and removed, apparently without influencing the shoulder pain. Roentgen 
ray of the shoulder. May 31, 1933, disclosed the following; “There is no 
evidence of calcified subacromial bursitis on the left, but there is a little 
calcareous deposit in the right so-called subacromial bursa, best visible 
with the arm in internal rotation.” Roentgen ray of the spine on June 5, 
1933, disclosed minmal hypertrophic osteo-arthritic changes about the 
bodies and articulating processes of the lower cendcal and upper dorsal 
vertebrae. He was given Roentgen ray treatment to the cervical spine 
but without relief, Roentgen ray treatment directly over the left shoulder 
was advised but the patient did not return for it. He was again seen in 
July, 1933, when he still continued to complain of shoulder pain but of 
dimmished intensity . When seen August 27, 1933, the pain had disappeared. 
On October 16, 1933, there was another attack of coronary occlusion udth 
infarction of the posterior wall of the left ventricle. This attack was not 
followed by shoulder pain. Death occurred suddenly on August 25, 1935. 
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Extensive ancient infarction of iioth anterior and jiostcrior walls of the 
left ventricle was found at necropsy. 

Case S.— E. Q., a white female, aged 53, had been known to have hyper- 
tension for 13 years. In 1930 she suffered a severe attack of ])ain in the 
arms followed by unconsciousness. Coronary occlusion was suspected, 
but an electrocardiogram made several months later by one of us (C. C. ^Y.) 
was normal. Another tracing made in 1932 showed minor changes but no 
e\ddence of myocardial infarction. On August 25, 1933, there was an 
attack of violent pain in the left shoulder region radiating to the neck 
and down the left arm to the finger tijis. A tracing made 4 months later 
showed the healed stage of infarction of the anterior wall of the left ven- 
tricle. Following this Auolent attack, she was subject to attacks of angina 
pectoris provoked by exertion and relieved by nitroglycerin. The pain 
which began August 25, 1933, according to the patient, never disappeared 
entirely. Furthermore, the radiation to the neck and down the left arm 
to the finger ti]is persisted. This pain was considerably aggravated liy her 
attacks of angina pectoris. Various types of medication appeared to be 
without effect on the shoulder pain, although as stated above, the angina 
pectoris was jiromptly relieved by nitroglycerin. Roentgen ray of the 
cor^'ical S]hne and left shoulder, Novemlicr 8, 1934, showed “hypertrojihic 
changes involving the anterior lip of the lower cervical vertclirrc; the left 
shoulder was negative." Death occurred suddenly on January 21, 1935. 

Case 9. — B. D., a white female, aged 58, was admitted to this hospital 
(service of Dr. Stengel) on March 25, 1934, 2 days after the onset of a 
severe attack of coronarj'' occlusion. The acute i^ain was chiefly in the 
epigastric region. The electrocardiogram showed evidence of recent infarc- 
tion of the anterior type. Her Wasserinann reaction was positive. In 
addition to the regimen for the treatment of acute coronary occlusion, 
mercury and iodids were given. Her course in the hospital for a time was 
stormy, due to pain and congc-stive failure. By the early part of Juno 
these had cleared up. In the latter part of June, however, slic developed 
pain in the right deltoid muscle which gradually shifted to the right shoulder 
region. From hero the pain radiated to the bend of the elbow and occa- 
sionally dovm to the finger tips. No tenderness was present except during 
times when the pain was exceedingly severe. She was seen again on Octo- 
ber 13, 1934, at which time she felt fairly well except for the pain in the 
right shoulder. Roentgen ray examination shoAved bilateral cerA-ical ribs. 

She Avas readmitted to the hospital on NoAxmber 21, 1934, in a state of 
acute shock. The legs AA-ere cold, blue and pulseless. Death occurred the 
same day. Autopsy revealed old and relatively recent areas of infarction 
of the anterior wall of the left A^entricle and a largo soft mural thrombus 
beneath one of these areas. A thrombus completely occluded botli iliac 
vessels. Examination of the cervical ribs disclosed these to be small and 
apparently not exerting pressure upon the neighboring bloodvessels or 
nerves. 

Case 10.— H. K., a white male, aged 60, a coppersmith, Avas in good 
health until September 25, 1934, AAdien he Avas seized AA’hilc at Avork A\-ith 
a severe agonizing pain over the upper chest, radiating to both shoulders 
and doAAm both arms to the finger tips. Relief folloAA'ed several hypodermics 
of morphin but a sense of numbness remained in the little and ring fingers 
of his right hand. An electrocardiogram shoAA^ed eAudence of infarction 
involAung the posterior wall of the left A^entricle. Convalescence Avas 
uneventful except for the Amry frequent occurrence of "heartburn" not 
relieved by alkalis. On October 14, 1934, he liegan to haA^e iiersistent ]Aain 
in both shoulders (dull, aching), Avorse at night and slightly aggravated by 
motion. The numbness of the Uyo fingers of the right hand persisted. 
Roentgen ray of the spine and shoulders, taken November 19, 1934, dis- 
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closed no abnoimalities in the cervical and upper dorsal spine or shoulders. 
Deep Roentgen ray therapj’’ over the upper spine and shoulder instituted 
Noveml^er 27, 1934, was without beneficial results. 

Case 11.— L. U., a white male, aged 61, was, first seen August 5, 1933. 
He had been in good health until 3 weeks before, when he experienced 
substernal pain foUoning a large meal. He then improved rapidly, but on 
August 1, 1933, was seized with a severe substernal pain which radiated 
to the right shoulder and down the arm, for which he received 3 hypo- 
dermics. When seen on August 5, 1933, he was free from pain but felt 
very weak. An electrocardiogram showed recent infarction of the anterior 
wail of the left ventricle. He was ordered to bed and remained there 
6 weeks, during which time convalescence was uneventful. How'ever, 
toward the end of his stay in bed, he complained of a slight, constant pain 
in the right shoulder. On arising from bed this pain became more severe 
and radiated down the arm to the finger tips. Substernal pain radiating 
to the right shoulder also occurred often, especially on exertion or dietary 
indiscretion. He was seen at frequent intervals until March 13, 1934, but 
in spite of medication, rest and baking, the shoulder pain continued. The 
pain gradually subsided and on April 21, 1934, had disappeared. The 
attacks of substernal pain had also decreased in frequency and severity. 
Death occurred suddenly on January 5, 1935. 

Case 12. — C. S., a white male, aged 56, was first seen March, 1933. He 
had suffered attacks of pain in the epigastric region for several years, 
especiaU}’’ on exertion or excitement. Follonung business reverses the 
attacks became more frequent and severe. On March 6, 1933, he was sud- 
denly seized nnth a severe, agonizing, crushing pain in the upper sternum, 
radiating dovm both arms, but especially the left. An electrocardiogram 
showed evidence of recent infarction involving the anterior waU of the left 
ventricle. Following the initial pain, convalescence was uneventful until 
4 weeks after the onset, when he developed a severe pain in the left shoulder 
radiating down the arm. The pain was constant, dull, aching and worse 
at night._ Local applications, analgesics and baking failed to give appre- 
ciable relief. Roentgen ray of the teeth revealed one abscessed tooth which 
was subsequently removed. Following the extraction there was no imme- 
diate increase or decrease in the intensity of the pain. Four weeks later, 
or approximately 10 weeks after the onset of the shoulder pain, it decreased 
in intensity and gradually subsided. 

Case 13. — H. W., a white male, aged 38, an insurance agent, was well 
until October 29, 1934, when he developed substernal pain radiating to 
both arms on effort and relieved by rest. The attacks increased in severity 
and intensity and on November 10 he had a very severe attack w'hile at 
rest. He was put to bed and on the 4th day, upon arising from bed, he 
coughed up about 1 ounce 'of blood-tinged sputum. He was admitted to 
this hospital (service of Dr. Stengel) November 14, 1934, complaining of a 
constant, dull pain under the sternum. An electrocardiogram done Novem- 
ber 16, 1934, was of the type found in the subacute stage of infarction 
involving the anterior wall of the left ventricle. Subsequent electrocardio- 
grams showed huge T waves in Leads IV and V. Convalescence was 
uneventful and he was discharged from the hospital January 25, 1935. 
He was readmitted April 29, 1935. During the interim he had anginal 
pain and dyspnea on effort. Five weeks before his second admission he 
began to experience a constant "hot” pain in the right shoulder region 
made worse by movement of the shoulder, but not aggravated by exertion 
which did not involve naovement of the right shoulder. On this admission 
he remained in the hospital only a few days. The pain was not relieved at 
the time of his discharge. 



Table 1. — Myocabdial Infauctiox and Shoulder Pain. 
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Case 14.— S. S., a wliite male, aged 53, was referred for study on April 19, 
1935. During the preceding 2 weeks he had noted several transient attacks 
of substemal pain. On the night of April 17, 1935, he was awakened by 
severe substemal pain, radiating dorni the left am. Following the admin- 
istration of morphin hypodermically by his physician the pain was relieved 
but not entirely abolished. Slight pain was still present on April 19, 1935. 
An electrocardiogram revealed the presence of acute infarction of the ante- 
rior wan of the left ventricle. He was kept at complete rest for about 
7 weeks during which time there were several transient attacks of sub- 
stemal pain. About June 1, 1935, he began to note pain in the region of 
the left deltoid muscle which persisted until about July 20. The pain was 
not severe but was constant. It did not interfere with movement of the 
left am and was not aggravated by movement. There was no tenderness 
over the deltoid nor shoulder region and no limitation of motion. No 
sensory changes were noted. 

Discussion. Incidence. Persistent pain in the should region fol- 
lowing myocardial infarction is apparently not an uncommon symp- 
tom. However, we were unaw-are of this relationship until several 
patients, all of whom had had mjmcardial infarction, complained 
bitterly of shoulder pain. Our failure to account for the pain on 
any conventional basis led to consideration of the possibility that 
the cardiac lesion might in some way be responsible. For this 
reason a systematic study of our other available patients w^ho had 
survived attacks of infarction w'as made, and a total of 14 cases 
with persistent shoulder pain was assembled. In all, approximately 
100 cases w'ere followed, which suggests that the incidence of this 
symptom among the survivors of attacks may be over 10%. 

The sex, age, location of the infarct (as determined by electro- 
cardiogram), the time of onset of shoulder pain wdth reference to 
the acute attack of infarction, the duration of the shoulder pain, 
the presence or absence of anginal attacks and certam atypical 
features of the various cases are listed in Table 1. 

Character of the Pain. The pain has been described as “ burning,” 
“aching,” or “wrenching.” As a rule the patients had some diffi- 
culty in localizing it, often referring it to the general region of the 
shoulder. In 1 patient, however, the pain was limited to the region 
of the left deltoid muscle and in another, was greatest over the 
biceps. In 8, the pain was limited to the left shoulder region, in 
3, to the right, -while in 3 both shoulders w'ere affected. The pain 
tended to be continuous, although subject to periods of exacerba- 
tion and amelioration. In 2 patients there was a so-called “trigger 
zone” in the scapular region, pressure over which caused great 
increase in pain. Those wffio suffered attacks of angina pectoris 
had no difficulty in distinguishing them from the shoulder pain, 
but in a few, the shoulder pain -was definitely wmrse folio-wing an 
attack of angina. In 1 case the shoulder pain was increased during 
and immediately after attacks of jiaroxysmal dyspnea. 

Time Relation to Acnte Cardiac Attacks. The time of onset of 
the shoulder pain -was- variable. .In 3 of the 14 cases it appeared 



20S EDEIKEX, AVOLFEUTH : PAIN IN THE SHOULDER REGION 

to be practically coincidental Avith the attack of coronary occlusion. 
The longest interA'al betAvecn occlusion and shoulder pain A\'as IG 
AA’eeks after the attack. In a number of cases the pain came on so 
gradually that the patient could not date it accurately. In all but 
4, hoAveA'er, it began Avithin 6 Aveeks of the attack. 

Diiraiioi}. The duration of the pain in this series of cases A'aried 
greatly. In ] case it Avas mild and lasted only 7 Aveeks. At the 
other extreme is the case in Avhicli the pain has persisted for 5 years 
and still continues. In G of the jiaticnts pain Avas still present at 
the last folloAA--up examination. Taao of the 4 jiatients aa-Iio died 
continued having shoulder pain up to the time of death. Six Averc 
relicA'ed of the pain in periods A-arying from 7 Aveeks to 12 months. 

Possible Non-cordiar Causes. 1. Results of Physical Examina- 
tion: In most of these patients, physical examination of the 
shoulder region has proven entirely negative. As a rule, ordinary 
moA'ement does not aggraA-ate the pain, but in a few patients, pain 
seemed to be increased by exaggerated moA-ements of the shoulder. 
Except for the 2 patients Avith so-called “trigger zones” over the 
back of the shoulder, no tenderness on pressure Avas elicited in the 
region of the shoulder, arm or back. There appeared to be no 
impairment of strength of the shoulder muscles, no atrophy, and 
no sensoiy changes. Xo vasomotor changes Avere noted and no 
differences in the pulses on the tAA-o sides Averc found. The occurrence 
of periarthritis of the shoulder, in cases Avith cardiac pain, has been 
reported by HoAA’ard.* We Averc. hoAvcA-er, unable to find evidence 
of periarthritis in any of our cases. 

2. Roentgen Ray Examinations: Roentgen ray studies of the 
shoulders and spine Avere made in 7 of the more seA'ere cases. In 
6 the shoulders Avere entirely negatiA'c. In 1 there AA’as a slight cal- 
careous deposit in the right subacromial region, but the left, Avhich 
AA'as the painful shoulder, shoAved no abnormality on Roentgen ray 
examination. In 3 cases slight lipping of the bodies of the vertebra? 
AA'as found, not sufficient to be considered abnormal for this age 
group. In 1 case, hoAveA'er, Roentgen ray of the chest disclosed 
bilateral cervical ribs, but at necropsy these Avere found to be quite 
small and apparently incapable of exerting pressure on neighboring 
bloodA’-essels or nerAm trunks. 

Results of Treatment. Treatment for the relief of pain was 
singularl}^ ineffective. The ordinary analgesics (not including opi- 
ates), nitrites, baking, diathermy and remoA'al of foci of infection 
appeared to be Avithout material influence. In 1 case deep Roentgen 
ray therapy seemed to relieve pain; in 1 it gave a questionable 
result, but in 2 others it Avas ineffectRe. 

Analogy of the Pain to Cansalgia. .The time relations of the 
onset of pain to attacks of coronary occlusion, and its peculiar 
characteristics, Avhicli tend to differentiate it from the Avell recog- 
nized forms of shoulder pain, suggest that it is related to the cardiac 
lesion and referred from the heart. It should be stated, hoAvever, 
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that in most cases there was recognized no significant correspondence 
in location between stenocardiac types of pain and the shoulder 
pain. In a few cases, however, there did appear to be some cor- 
respondence. 

It occurred to us that the shoulder pain bears a closer analogy 
to causalgia than any other recognized type of pain, although the 
trophic and vasomotor changes associated with causalgia have not 
been observed in our cases. Furthermore, hyperesthesia was present 
in only 2 cases. 

Pollock and Davis^ have recently stated that the pathogenesis 
as well as the pathology of causalgia is unknown. These authors, 
however, associate causalgia with peripheral nerve injuries. Leriche® 
believes that periarterial sympathetics play an important part in 
the production of causalgia and that such lesions as obliteration of 
an artery or inclusion of sympathetic fibers in a scar may provoke 
the syndrome. In support of his hypothesis he has been able to 
bring about complete relief in most of his cases by periarterial 
sympathectomjL In some cases, however, it was necessary to resect 
the obliterated artery in order to obtain relief. 

Whether or not under the term causalgia more than one entity 
is included need not concern us here. Our interest is in the fact 
apparently demonstrated by Leriche that obliteration of an artery 
may cause causalgia. Leriche’s studies have dealt with peripheral 
arteries. However, the characteristics of the shoulder pain as it 
occurred in our patients as well as its refractoriness to treatment 
bear such a close analogy to the pains which may develop after 
block of a peripheral artery that a similar meehanism of pain pro- 
duction is suggested. No additional evidenee is available at present 
to support this view. The operation of cervico-thoracic sympathec- 
tomy might throw some light on the question as to whether the 
sympathetics are concerned in production of the pain. However, 
we have not thus far felt warranted in suggesting this operation to 
any of our patients. Consequently the analogy of the pain to 
causalgia is suggested for the following reasons only; (1) the simi- 
larity of the pain to causalgia and (2) the time relationship of onset 
of the pain to occlusion of a coronary artery. The chief purpose 
of this report is not to discuss the pathogenesis of the pain, but 
rather to call attention to the fact that it is to be recognized as a 
sequel to coronary occlusion. 

Although this study has been limited to a consideration of cases 
in which shoulder pain developed following myoeardial infarction, 
there is some evidence to indicate that a broader relationship may 
exist. Thus, since we have become interested in this subject, we 
have encountered 1 patient with persistent burning pain in the 
interscapular region and another with a persistent sensation of 
warmth and at times burning in the left forearm, following coronary 
occlusion.^ hloreover, shoulder pain of the type described above 
has occasionally been complained of by patients with severe myo- 
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cardial damage, in Avhom no evidence of infarction could be 
recognized. 

Summary. 1. Foui’teen cases'with persistent jRiin in the shoulder 
region folloAving myocardial infarction have been briefly described. 
It is suggested that the incidence of this symjjtom among survivors 
from infarction may exceed 10%. 

2. The pain may be mild or severe and vas usually described as 
burning, aching or Avrenching. The left shoulder is usually involved, 
although the right may also be affected. The jiain may shift from 
one shoulder to the other. Occasionally the pain may be greatest 
in the region of the biceps or deltoid muscles. 

3. It may begin coincidentally AA'ith an attack of coronary occlu- 
sion up to at least 10 Avccks after the attack. 

4. The pain persisted from 7 Avceks to OA'cr 5 years. 

5. lA)cal treatment to the shoulder has proA'en incfVectiA'c. Deej) 
Roentgen ray therapy has Imen tried in scA'cral cases Avithout con- 
sistent results. 

6. Most patients in this group had foci of infection. A fcAV had 
slight cervical or upper dor.sal spondylitis. Nevertheless, the fre- 
quency of occurrence after myocardial infarction and the time 
relations to the attacks, suggest that the cardiac lesion is an impor- 
tant etiologic factor. An analogy to causalgia is suggested. 
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ACETYL-/3-METHYLCHOLIN. 

IV. Further Studies of Its Action in Paroxysmal 
Tachycardia and in Certain Other Disturbances 
OF Cardiac Rhythm. 

Ba' IfSAAc Starr, Jr., M.D., 

HAnTZELIi PROFESSOR OF RESEARCH THERAPEUTICS, HOSPITAl. OF THE UNIVERSITY 
OF PENNSYEVANIA, PHIUADEUITIIA, PA. ’ 

(From the Research Department of Therapeutics.) 

Many derivatives of cholin, administered to animal preparations, 
produce effects on the heart analogous to those AAdiich folloAA' stimu- 
lation of the ARgus.* By means of acetyl-i3-inethylcholin this 

* Since 1925 paroxysmal tachycardia has been occasionally stopiied by intraven- 
ous injections of cholin chlorid (Bohneiikamp, Klin. AA'chnschr, 14, 404, 1935). 
Stepp and Schliephake (Munch, med. Wchnschr. 72, 1997, 1925) also reported a 
case of “paroxysmal tachycardia" in which unnamed "cholin derivatives” caused 
increased block. The ekg. given suggests auricular flutter. 
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effect can be produced in the clinic to a degree not yet attained by 
other means. The therapeutic utility of the cardiac action of this 
drug will be considered in this paper. The drug also produces the 
other effects of parasympathetic stimulation ; vasodilatation, saliva- 


Both Professor Hunti° and Professor Villaretn and their associates had published 
animal e.xperiments in which a drug was employed under the name of acetyl-a- 
methylcholin. That this drug had been erroneously named did not occur to us in 
1933. 

Following Simonart’s publication.^^ H\mt took the position that what he had 
described as acetyl-a-methylcholin was in reality acetyb/S-methylcholin.'^’^'' Pro- 
fessor Villaretw suspected that what he had used might have been a mixture of 
acet^l-a- and acetyl-d-methylcholins. The latter view is concurred in by Simonart.i® 
who finds acetyl-a-methylcholin to be a much weaker drug than the d compound. 
Later Villaret adopted Hunt’s point of view.'^ 

After using what he then believed to be a mixture, in 1932, Villaret et alA‘‘ published 
an article, entitled “Preliminary Researches Concerning the Action of Methyl 
Acetyl Cholin in Normal Subjects.” This antedated our first publication, reaching 
our attention when it was in press. After doses of 10 to 30 mg. of the bromid, 
Villaret recorded flushing and effects on the blood pressure of 12 normal subjects 
which corresponded in a general way with results we obtained using the acetyl-|3- 
methylcholin chlorid made by Major and Cline’s method. But the absence of any 
record of sweating, of salivation and of changes in cardiac rate and respiratory 
depth, so conspicuous after similar doses in our experiments, made us doubt whether 
the drug used by Villaret, made by Morley’s method, could have been the same 
as that we employed, made by the method of Major and Cline. A further difference 
in results seemed to be indicated by the following statement: “Nous avons 6tabli 
qu’en installations conjonctivales la m6thylac6tyloholine d6terminait rapidement 
un myosis intense, et que, fait trfes interessant, seule entre tons les myotiques aotuelle- 
ment connus, elle arrivait a vainore aisement la dilatation pupillaire provoqufee par 
I’dphidrine. In another paper,2i speaking of the action of 1 or 2 drops of the mis- 
named acetyl-Q!-methylcholin in the rabbit’s eye he wrote: “II faut, cependant, 
utiliser les concentrations de I’ordre de 5 p. 100, ou, mieux encore, de 10 p. 100, 
pour voir apparaltre, en deux qiiatre minutes, un myosis qui est maximum en 
quatre 5, sept minutes, avec pupille reduite k un orifice de 1 millimetre environ; 
cet effet commence h, diminuer aprfes 45 H 60 minutes, pour persister, attenu6, jusqu’6, 
deux heures aprfis I’instillation.” 

Hunt obtained similar results with his misnamed aeetyl-a-methylcholin on the 
pupils of dogs and cats. He wrote; “One drop of a 3% solution caused an intense 
constriction within 5 to 10 minutes; this continued undiminished for about 
15 minutes.”n> 

I ha\’-e repeated these experiments as closely as possible with Major's acetyl-fl- 
methylcholin chlorid. In 3 brown rabbits slight pupillary constriction was always 
seen after 1 or 2 drops of 10% solution. In the most striking experiment the pupil 
diminished from 0 to 4 mm. diameter and so became 2 mm. smaller than the opposite 
pupil. In 3 white rabbits 2 drops of 10% caused the pupil to diminish from 10 to 
8.5 mm. in one animal, it had less effect in the other two, although enough was ab- 
sorbed to cause salivation in each instance. 

Dr. Schmidt has failed to obtain myosis in cats using repeated applications of 1%,'® 
and I could not demonstrate noteworthy myosis after 1 drop of 3% in three cats. 

When stronger solutions are applied to the conjunction with sufficient frequency 
some myosis can be regularly obtained together with evidence of systemic action. 
But we have never seen anything which is at all similar to the effects described by 
Hunt and by Villaret after the doses they employed. But it should be pointed out 
that we have not repeated the experiments of the latter author, for the European 
rabbit differs from the American, 

The dmg upd by Hunt and by Villaret in these early experiments was described 
as a umque ” myotic causing “ intense constriction” after small doses. Pure acctyl- 
o-methylcho!in has only a weak myotic action; marked pupillary effects have not 
b^n seen without increasing the dosage to the point of inducing systemic effects. 
There is also chemical and other pharmacologic evidence that the two were not 
identical.’®' ” But that Hunt and Villaret were employing an active cholin deriva- 
tive with features in common udth acetyl-jS-methylcholin is not disputed. 
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tion, sweating, increased gastro-intcstinal motility, etc., as liavebeen 
described.^ When small doses are given to animals and to normal 
persons the blood pressure falls but the vagus-like action does 
not manifest itself. After large doses this effect ai)i)ears.- It can- 
not be produced without the simultaneous occurrence of a fall in 
blood pressure and the other eflects mentioned above to such a 
degree that the subject is made distinctly uncomfortable for a few 
minutes. However, after a subcutaneous injection of acetyl-jS- 
methylcholin, the intensity of the action remains under the control 
of the attending physician. This fact has made possible the utiliza- 
tion of a type of drug action more vigorous than is usual in clinical 
medicine. 

In an earlier communication* (1933) the results obtained in the 
treatment of 29 attacks of paroxysmal tachycardia in 9 patients 
were reported. At present, data are availa])le on 75 such attacks, 
in 36 patients, treated by acetyl-;5-methylchorm with success in 
88%. Six cases of auricular flutter ha\ c also been treated, but 
with only occasional success in restoring normal rhythm. In 1 case 
with ventricular extrasystoles the number of ])remature beats was 
markedly reduced by the drug. In auricular fibrillation no change 
in the rhythm has been brought about. 

Additional clinical ex'pericnce has added to our knowledge of the 
drug and has afforded an e.xplanation for some of the failures 
reported. One can now draw a clearer picture of the best method 
of securing results with acetyl-/3-mcthylcholin in the cardiac arrhyth- 
mias, of its probable effectiveness when thus employed, and of its 
untoward effects, than was possible a few years ago. 

Paroxysmal Auricular or SniJravcniriciilar Tachycardia. Electro- 
cardiograms demonstrating the arrhythmia to be of this type were 
secured in only 20 of the 37 patients, but clinical criteria permitted 
little doubt that the attacks of the remainder were of the same type. 
These data (Table 1) can be considered best by dividing them into 


Table 1.— Data on Effect of Acetyl-zJ-Methylciiolin on Pakoxysmal 

TACnYCARDIA. 



Pliiladclphin. 

Other. 

Total. 

Number of patients . 

.... 17 

20 

.17 

Attacks treated .... 

.... 50 

25 

75 

Attacks stopped .... 

.... 40 

20 

CG 

Failures 

.... 4 

5 

9 

Per cent success .... 

. . . . 92 

so 

SS 


Successful from drug action alone on first 

trial 5S% 

Required carotid sinus pressure during 

drug’s action 20% 

Required second, usually larger, dose of 

drug 22% 

two groups: The Philadelphia group contains my own experience 
together with a small number of other cases treated at the University 
Hospital in my absence but in accordance with a plan I devised. 
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This is a selected group because carotid sinus pressure failed to 
stop the attack in each case included. The second group contains 
data sent me by friends in other cities. I am especially indebted 
to Dr. H. M. Korns, of Iowa Citj^ Dr. J. M. Hayman, of Cleveland, 
Dr. H. M. Marvin, of New Haven, and Dr. D. N. Kremer and 
Dr. F. W. Burge, of Philadelphia, for very full reports of their 
experiences. The attacks of many patients in this group could not 
be stopped by carotid pressure, but in others this was not tried, 
and in a few instances I lack the information. 

The Philadelphia cases were treated as follows. The patients 
lay down. Alternate pressure over the carotid sinuses was tried 
first. This was successful in 16 instances, and these cases have 
been eliminated from this study. When carotid sinus pressure was 
unsuccessful the drug* was given subcutaneously. If the attack 
did not stop promptly after the appeatance of the flush, the site 
of the injection was vigorously massaged to increase the action. 
In 26 instances (58%) the attack was brought to an end by these 
means alone. If tachycardia persisted, the carotid sinuses were 
compressed alternately while the action of the drug was still undim- 
inished. Frequently the attack stopped as soon as one of the sinuses 
was touched. In 9 instances (18%) the attack was terminated 
by carotid pressure during the drug's action, although similar 
pressure before its administration had been ineffective. 

If tachycardia still persisted, about | hour was allowed for the 
drug’s effects to subside. Then a second, usually a larger, dose 
was given, and the procedure repeated. The second attempt was 
successful in 10 cases (22%). But this does not mean that one 
should expect the first attempt to fail in a corresponding number 
of cases. For, in order to estimate the smallest effective dose, we 
often purposely gave an initial dose so small that there was little 
expectation of success. 

In 4 instances we failed to effect a prolonged restoration of 
normal rhythm, and I have information concerning 5 other failures. 
Before the reason- for these failures can be discussed profitably, 
certain information derived from the data must be considered. 

Relation of Dose to Age and Weight. The first study suggested 
that 30 mg. was the proper dose for paroxysmal tachycardia. A 
, dose of this size has been successful in patients under 52 years, but 
it has failed more often than it has succeeded in older patients 
Fig. 1).- In a boy, aged 18, the attack was stopped by 10 mg., 
and the side effects were just as intense as those which followed 
the injection of the 50 mg. regularly required to stop attacks in a 
man aged 60. 

The line drawn on Fig. 1 gives a rough idea of the dose which 
experience indicates may be expected to stop tachycardia at different 

* We are indebted to Merck & Co. for supplying the acetyl-j3-methylcholin 
chlorid used. 

VOL. 191, NO. 2.— FEBntJ.vRY, 1936 S 
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ages in patients of normal weiglit. Sojnc of tlie most divergent 
points ean be explained on the basis of nnnsual ^Ycigb^, c. <j., bO mg. 
was required for an extremely fat man aged 42; 20 mg. was suc- 
cessful in a thin woman aged oS. Other divergent ])oints may 
have been due to poor selection of dosage. 'I'hus, in 2 instances, 
young people were given .30 and 3.5 mg. with success; we do not know 
that smaller doses would not have been equally elective. 

Obviously larger doses are usually requirerl in older people than 
in young ones. It is incorrect to assign a single dose for all cases 


iDose 
A^MC 
\-n -mg-m, 

€> 0 - 

SO' 

MO- 

30- • 

20 - 

10- 8*'-' 


SiTiQllest effective dose e) -for 

y eocVi 

Lorgesf ineffective dose oj patient 



• o 


20 30 40 SO 60 70 

Age. IV LjeoTS 

Fig. 1.— Effect of age on the dose of acetyl-g-mothylcholin noccss.arj' to stop 
attacks of paroxj’smal tachycardia. Only the close which failed to stop an 

attack and the simllrsl dose which succeeded in any 1 patient have been given. Two 
points which apply to the same patient have been connected by linos. In many 
cases one or the other of these points is unknown. 


of paroxysmal tachycardia. That young persons react to the drug 
more vigorously than older ones has been the experience of Page^ 
also. 

Antagonism Between Cardiac Action oj Acetyl-^-Methylcliolin and 
Qninidm. The latter drug is well known to dimmish the frequency 
of attacks of paroxj-smal tachycardia in certain cases, though it 
has no reputation as an agent to bring such attacks to an end. 
Therefore, it appeared worthwhile to ascertain whether a combina- 
tion of the two drugs’ actions might not be advantageous in stopping 
attacks. 
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Soon after this idea had presented itself, a patient appeared in 
tachycardia whose previous attack had been promptly brought to 
an end by an injection of 30 mg. of acetyl-/3-methylcholin. I gave 
him 20 mg., expecting that it would prove too little, without affect- 
ing the rhythm. He was then given 0.67 gm. quinidin by mouth; 
this was followed by a glass of water, and he was instructed to lie 
on his right side; a procedure which has regularly procured quinidin 
action within | hour, in my experience. This time having elapsed, 
the patient received a second dose of 20 mg. acetyl-jS-metliylcholin 
in the hope that, reinforced by the quinidin, it might stop the 
attack. It failed to do so. Doses of 30 and, later, 50 mg. acetyl-jS- 
methylcholin failed also, although they produced the usual side 
effects. Therefore, the outcome suggested that, far from making 
the attack easier to stop, quinidin antagonized the usual cardiac 
effect of acetyl-/3-methylcholin. 

The opportunity to repeat a clinical observation of this type 
coming but rarely, it seemed wise to investigate the relationship 
between the cardiac effects of quinidin and acetyl-/3-methyIcholin 
in animal experiments. The results indicated that an antagonism 
between the cardiac effects of these two drugs could be easily 
demonstrated."^ 

On the other hand, in 5 instances, patients receiving small doses 
of quinidin, the largest 0.2 gm., 4 times a day, have had attacks 
successfully stopped by acetyl-^-methylcholin. The cardiac action 
of large doses of acetyl-iS-methylcholin will break through the 
quinidin block both in the clinic and in animal experiments. 

Causes of Failure to Stop Attacks of Faroxysvial Tachycardia. The 
chief cause of failure has been too small dosage of acetyl-i3-methyl- 
cholin. In 10 attacks, in 4 patients, this was proved to be the case 
when a second and larger dose, given after the effect of the first 
had subsided, was immediately successful. In 2 instances, both 
early in our experience and mentioned before, we did not increase 
the dose and failed to bring the attack to an end. One of these, 
a patient with ulcerative colitis, received only 12 mg. He vomited 
and defecated after this dose, and the physician in charge did not 
try a larger one. As other attacks were stopped by 15 and 20 mg., 
the failure mentioned is to be attributed to inadequate dosage. 
In 2 patients, treated in another city by doses of 20 mg., the failure 
is probably to.be assigned to the same reason. Dosage of this 
size will seldom stop attacks in the latter half of life. 

In 3 instances the failure may be assigned to previous medication 
with quinidin. One patient, given quinidin experimentally, has 
been discussed above. Another of our patients (C. M. K.) had 
received 0.5 gm. quinidin and 1 gm. digitalis before treatment with 
acetyl-^-methylcholin. But we did not give over 15 mg. of the 
latter drug, which caused transient complete block without stopping 
the attack. The failure might be assigned to inadequate dosage for 
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his age, to quiiiidin, or to an JUiknown factor. Me had rcceivwl too 
many active drugs to ])erinit accurate analysis. ‘ (’oinplete block, 
lasting over a few heats, has never been ])roduced in any other of 
our patients. 

In a case of Dr. II. I^I. IMarvin, the])atient had been taking 0.0 gin. 
quinidin sulphate, 3 times a day, for many months. Slie had taken 
2 such doses the morning of the attack, and it was not stopped by 
30 mg. of aectyl-/3-mcthylcholin. 'J'he quinidin may certainly have 
been the cause of failure in this instance. 

One case of my own and 2 other cases still lack a clear reason for 
failure. The former deserves brief mention. 

A young girl, aged 22, came to me with the history that .she had an 
attack of taeliycardia whenever a young man invited her to go to a dance. 
Tiio .attack in wiiich .she i)ro.«en(cd herself was attrii)uted to tin’s cause. 
The electrocardiogram showed it to be of the supnwentricular type. 
During the action of 20 mg. acotyl-/3-methylcholin the attack stoi)pcd, ns 
judged by heart sounds, Init it resumed jwomjitly. While the drug’s action 
continued, it could be stoijped immediately l\v carotid sinus pre.csure on 
either side and iiy having tlic patient take a (feep breath and hold it; but 
the rhythm always reverted to tachycardia witliin \ minute. A second 
and third dose of 2.") mg. had the .‘^amc effect. The attack stopped at least 
20 times, but it always resumed within a minute; so 1 admitted defeat 
eventually. It stopped spontaneously 10 hours later, at almost the exact 
time the dance was over. I liave no explanation of tiic failure other than 
to point out my inability to remove the c.ause of the attacks in this instance. 

Aiicmph 1o Siop AUctchs of Paroxi/smnI Tachycardia by Other 
Mcthodfi. Seeking for n better mcthoci of sto])])ing attacks, I have 
tried, unsuccessfully, an injection of 30 mg. of the ethyl ether of 
/3-mcthylcholin and, in another instance, 0..o mg. of carbaminoyl- 
cholin (doryl or Icntin). Trying to minimize the side effects I 
having given an adequate dose of acetyl-^S-methylcholin dissolved 
in ethyl lactate to slow the action, and I have injected the drug 
together with O.G mg. atropin. The side effects Avere diminished 
in both cases, but the attacks were not stopped. In each instance, 
after allowing the effects of the injected drugs to subside, the attacks 
Avere promptly stopped by acetyl-/3-methylcholin, giA-en in the usual 
manner. 

Dr. Korns has informed me that he successfully stopped an 
attack of paroxysmal tachycardia by an intravenous injection of 
20 mg. acetyl-/3-inethylcholin Avithout undue toxic effects. The 
patient’s condition, carcinoma of the throat, justified the risk taken. 

Avrmdar Flatter. I have data on only 6 cases of this arrhythmia 
Avho Avere given the drug on 12 occasions. Four cases Avere my oAvn, 
and in 3 electrocardiograms Avere secured throughout the drug’s 
action. I am indebted to Dr. Korns for permission to mention his 
experience in 2 others. 

Temporary slowing of the ventricular rate Avas secured in all 
G cases by large doses of the drug, GO, 40 or 30 mg. The electro- 
cardiogram shoAved the sloAving to be due to increased block. 




Fig. 2.— Effect of acetyl-;3-methylcholin on auricular flutter.' Lead II: The 
upper tracing was taken before, the middle 2 minutes after, the lower 26 minutes 
after the subcutaneous injection of 44 mg. acetyl'/S-methylchoIin. 



Fig. 3. —Effect of acetyl-P-methylcholin on auricular flutter. Lead II; The 
upper tracing was taken 2 minutes before, the lower 4§ minutes after a subcutaneous 
injection of 40 mg. aoetyl-j8-methylcholin. The patient was under the influence of 
digitalis. 




Fig. ‘1. — Effect of nco(j'l-/3-nicthylcholin on ventricular cxlrasy.stole.s. Lend II: 
The upper tracing was taken 2 ininute.s before, the lower tninutes after a .subcu- 
taneous injection of 20 nig, ncetyl-/9-nicthylcholin. 



Fig. 5. — Effect of a toxic dose of acetyl-(3-inethylcholin, 30 mg., intravenously. 
Lead II: The upper tracing was taken before the injection, the second is typical 
of the record obtained during the next 70 seconds. The third and fourth show suc- 
cessive phases of recovery. 
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Figure 2 sIioavs suclr an effect. After the drug’s action had passed 
off the original rate was resumed. Change in the auricular rate 
Avas not recorded except in the case mentioned below. 

More perman.ent effects were seen in 2 instances. One patient, 
with advanced rheumatic heart disease' and congestive failure, was 
given 30 mg. The auricular rate remained constant at 226. The 
ventricular rate changed from 100 to 120, then to 114; the relation 
between the adjacent P and Q Avaves, inconstant before the drug, 
became fixed after it at 2 to 1 block. She was then placed on 
digitalis, Avithout alteration in the flutter, until nausea and vomiting 
forced us to withdraw the drug 10 days later. Two days after this 
she was given 40 mg. acetyl-/3-methylcholin, and during the action 
the auricular rate rose from 230 to 300 and then the rhythm, changed 
to auricular fibrillation (Fig. 3). Digitalis Avas Avithheld and 
fibrillation was succeeded by normal rhythm 4 days later. iThis 
gratifying result did not produce the expected clinical improvement. 
Not long afterward the patient deA^eloped a hemiplegia and eventu- 
ally died. Necropsy was not permitted. 

Nahum and Hoff-- have reported a case similarly converted from 
flutter to fibrillation. Their patient was also under the influence 
of digitalis Avhen acetyl-j8-methylcholin was given. Normal rhythm 
returned 1| hours later. 

Dr. Korns converted 1 of his cases from flutter to normal rhythm 
by a dose of 50 mg. acetyl-/3-methylcholin. Wliether the heart went 
through fibrillation is unknown. Six months later the same patient 
had another attack. Four injections, ranging from 40 to- 60 mg., 
had no effect on the auricular flutter in this instance. Normal 
rhythm returned spontaneously some hours after the last dose. 

Atiricular Fibrillation. No permanent effects have folloAved the 
administration of acetyl-/;?-methylcholin in this condition. A tem- 
porary effect, slowing of the A'^entricular rate, was seen in most 
instances, but seemed too transient to be of therapeutic importance. 
As restoration of normal rhythm Avas not expected from theoretical 
considerations, and as nothing of therapeutic importance Avas gained 
in the first 10 cases, we have not continued the study of this group. 

Nahum and Hoff haA'^e produced transient auricular fibrillation 
fij’ gNing large doses to cases of thyrotoxicosis.^^ 

Ventricular Extrasystoles. Only 1 case has appeared with extra- 
systoles in sufficient number to make a study possible. 

The patient, an Italian male, aged 50, had many Arngue complaints 
for which no satisfactory diagnosis was ever suggested. On the 
first occasion he aa^s having an extrasystole Avhich replaced every 
third beat AAuth perfect regularity. An electrocardiogram taken for 
5 minutes shoAA'ed no dcAuation. After an injection of 30 mg. 
acetyl-^-methylcholin the extrasystoles greatly diminished in fre- 
quency, large numbeirs of normal beats occurring between them 
(Fig. 4). They were never entirely abolished and no ^-minute 
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period occurred without an extrasystole. Wlien the drug’s action 
subsided the original condition returned. 

The next day the extrasystoles were found to be rei)lacing every 
fourth normal beat with perfect regularity. A dose of 70 mg. of 
the ethyl ether of i3-methylcholin was given by mouth, blushing, 
sweating and salivation appeared about 1 hour later. At this time 
the extrasystoles lost their regularity and occurred, on the average, 
at a ratio of 1 to S normal beats. Atro])in sulphate, gr. sub- 
cutaneously, was given to abolish the cholin action, and within 
3 minutes the extrasystolcs returned to their original condition, 
replacing every fourth beat. 

On another day the extrasystolcs again replaced every third 
normal beat. The patient was given 1 gm. of acetyl-j3-mcthylcholin, 
by mouth. Flushing and salivation appeared about hour later. 
At this time the extrasystolcs had diminished to an average of 
of 1 to 5 normal beats. But on this occasion atropin did not entirely 
restore the original condition for, after its administration, while tiic 
extrasystolcs usually rejdaced every third beat, occasional runs of 
3 or 4 normal beats were heard. 

Toxic Effects. The Effect of Ovcrrlo.sagc. I liave been permitted 
to cite certain instances when misunderstanding of orders resulted 
in overdosage. 

A man, aged 71, liad arteriosclerotic heart disease and auricular fibrilla- 
tion; 30 mg. acctyl-;3-methylcholm were administered in(r(ivcnon.<!hj instead 
of subcutaneously as directed (Fig. .I). The heart was arrested immediately 
and this persisted for 70 seconds, a fact of no little interest in itself. The 
patient lost consciousness. Atropin was administered. The ventricle 
resumed beating with ewdence of an intraventricular conduction defect. 
The patient revived and within 20 minutes felt as well as before. Tlic 
conduction defect soon disappeared, but the electrocardiogram remained 
verj'’ different from that present before the drug was given. 

In another instance a man, aged 61, with auricular flutter, 
received 300 mg. subcutaneously instead of 30 mg.- There was 
prolonged cardiac arrest and consciousness was lost. Atropin was 
administered, the heart resumed beating, and recovery was complete 
wdthin a few minutes. 

In both these instances the atropin could hardly have left the 
site of injection until cardiac action resumed. TJicrefore, initial 
recovery is not to be attributed to atropin, but rather to the well- 
known physiologic principle : vagus stimulation wdll stop the heart’s 
action, but the heart -will soon escape and resume beating even 
though stimulation is continued. 

Cardiac Arrest Not Due to Overdosage. A situation quite similar 
to those mentioned above has occurred after a small dose of the 
drug under the following conditions. 

Patient, W. S., aged 19, had ulcerative colitis and marked anemia as 
well as attacks of paroxysmal tachycardia. AVhile in the hospital 3 attacks 
were stopped by doses of 10, 15 and 20 mg. acetyl-/3-methjdcholin. On 
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each occasion the patient had an irresistible defecation at the height of 
the action; a pan was p^o^^ded so that he cotild remain lying down until 
action had subsided. After discharge he had another attack of tachycardia 
and the attending physician injected 10 mg. without provision for defeca- 
tion. Therefore, when the action began, the patient leaped out of bed to 
go to the toilet, but soon after attaining the upright position he collapsed, 
and no heart sounds could be heard. The boy revivecf within a few minutes 
and there were no after effects. Atropin was not administered. 

The physiologic explanation of this incident seems reasonably 
clear. Any drug or other situation which lowmrs blood pressure is 
likely to cause fainting if the subject is in the upright position. 
Part of the physiologic mechanism of the fainting reaction is analo- 
gous to the response to vagus stimulation; the heart is materially 
slowed or it may stop for a brief period.®-® In this incident the fall 
in blood pressure due to acetyl-jS-methylcholin, together with the 
patient’s lack of hemoglobin, caused cerebral anemia as soon as he 
took the upright position. The vagus-like effects of fainting and 
of the drug summated and caused cardiac arrest similar to that 
seen after gross overdosage. 

Patients must be kept in the horizontal position during the action 
of acetyl-|3-methylcholin. 

Of the minor toxic manifestations, little has been encoxmtered 
which "was not mentioned in the previous communications,^-^ but 
some additional information is at hand. 

Astlmatic attacks promptly follow an injection of the drug in 
patients subject to this disease. This does not occur in other 
patients, but a sense of tightness across the chest is often complained 
of and is doubtless due to the bronchoconstrictor action demon- 
strated in animals by Comroe and Starr,® and its result, a decrease 
in vital capacity, demonstrated to occur in normal men by Hurtado 
and Kaltreider.'^ Villaret et aJ.® have made more extensive observa- 
tions on this effect of the drug, producing typical attacks in 20 cases 
of asthma and in 1 patient, convalescent from pneumonia, who had 
never had asthma. 

Substernal pain, or pain referred to the precordium, has followed 
the administration of the drug on rare occasions. The most striking 
examples of this were in 2 cases of advanced Buerger’s disease with 
amputations for gangrene. In 1 of these, a patient of Dr. Kremer, 
it repeatedly followed the injection of 10 and 15 mg. I can only 
speculate as to its origin. The location of the pain and the well- 
known frequency of coronary sclerosis in organic peripheral vascular 
disease suggest that it might have arisen from the heart. But 
many other arteriosclerotic persons have received much larger doses 
of this drug without inducing this symptom. 

The coronary action of acetyl-j3-methylcholin is not identical in 
different preparations. In perfused isolated rabbit hearts the drug 
had usually only a slight effect on the coronary vessels. In 6 such 
preparations dilatation was regularly seen in 3, constriction pre- 
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dominated in 2, and there was no noteworthy ed'ect in the other. 
In the cat, decreased flow was the rule after certain dosa^;e, although 
mixed effects were sometimes seen.** Therefore, the animal cx])cri- 
ments have not provided a firm basis for predicting how the drug 
acts on human coronary vessels. 

Another possible explanation is spasm of the eso])hagus or cardia. 
I have seen a surprising increase of esophageal i)eristalsis under the 
fluoroscope after certain cholin dcrivati^•es. Wliile I have never 
ex]oerienced precordial discomfort after an injection of acetyl-/3- 
methylcholin, I have had a dull e])igastric ami substernal ache 
after taking another cliolin derivative, doryl. "^I'liis seemed to juc 
to arise from the stomach. 

This type of toxic response is very rare in its severe form. Dull 
precordial or substernal sensations, .sometimes spoken of as pain, 
occur more frequently. Atropin relieves both types immediately, 
a fact which at once differentiates the drug effect from typical 
angina pectoris. Nevertheless it seems wise to use this active 
drug with caution in cases of angina ])cctoris until more data have 
been accumulated. 

Nausea and vomiting occur occasionally after the drug. I think 
of them as being the first symptoms of overdosage. In most 
instances the full cardiac effect of the drug can be attained without 
these symptoms, but occasionally, as when the patient has recently 
been nauseated, they occur after moderate dosage. 

On the Qvestion of Chronic Toxicitji, Notliing has appeared 
which suggests that harm may result from the ])rolonged use of this 
very active drug. In support of this statement it is desirable to 
report the case Avho has received a far larger amount of the drug 
subcutaneously than any other person. 

T. H., an elevator operator, aged 58, in May, 1931, gave a liistory of 
attacks of paroxysmal tachycardia for 11 years. For the first 10 years he 
had usually been able to stop the attacks himself, IjuI more recently he had 
lost this ability and they were increasing in frocpion'cy and duration. He 
denied dyspnea on exertion except during the attacks. Physical examina- 
tion showed some cardiac enlargement, slight arteriosclerosis, dental and 
tonsilar infection. Basal metabolic rate was normal. Repeated elec- 
trocardiograms showed auricular tachycardia; when not in an attack the 
electrocardiogram was essentially negative. The cardiac area by ortho- 
diagram was 43% above the predicted normal. _ 

Throughout his illness he had frequently received quinidin, digitalis and 
phenobarbital in varying dosage in unsuccessful attempts to prevent the 
attacks. 

During his first year in the Outpatient Department several attacks 
were stopped by carotid sinus pressure, but this method often failed. The 
frequency and severity of attacks gradually increased until they came on 
at least every 3 or 4 days, and lasted from 10 hours to 4 days. He became 
almost completely incapacitated. 

In May, 1932, he began to receive injections of acetyl-/3-methylcholm 
for attacks which could not be stopped by other means. Large doses 
proved necessary. Table 2 shows the date and amount of the injections. 
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During the fall and winter of 1932-1933 the attacks became more frequent 
and more prolonged. It became impossible to stop them by carotid or 
ocular pressure alone. Indeed, they stopped spontaneously very infre- 
quently. But acetyl'/3-methylcholin, in doses of 50 mg., continued to be 
effective, sometimes by itself, more often in combination with carotid 
pressure. 

Table 2.— AcETYL-/3-METHYLcaoi.iN Given to T, H., 1932-1934. 

1932; 1933: 1933: 


May 19 

. 10 mg. 

Jan. 4 . 

. 60 mg. 

June 



20 


7 . 

. 60 

it 

14 . . 

50 mg. 


30 

:< 

17 . 

. 50 

i< 


50 

(( 


40 


Feb. 7 . 

. 50 

u 

24 . . 

60 

tt 

26 

. . 40 

<( 

Mar. 4 . 

. 30 

u 

July 14 . . 

50 

tt 

July 15 

. . 50 



50 

it 

Aug. 7 . . 

50 

tt 

Oct. 11 

. . 60 


13 . 

. 50 

u 

8 . . 

50 


15 

. . 50 

u 

14 . 

. 40 

it 


50 

ti 

18 

. . 50 

{( 

22 . 

. 50 

u 

10 . . 

50 

tt 

27 

. . 50 

ct 

April 28 . 

. 40 

it 

1934; 



Nov. 17 

. . 60 

i< 

May 15 . 

. 30 

tt 

Feb. 12 . . 

50 

it 

21 

. . 50 

it 


50 

(t 




25 

. . 50 

n 

June 9 . 

. 50 

tt 

Total: 



Dec. 1 

. . SO 

(( 


50 

t< 

40 injections. 



17 

. . SO 

tt 




1.83 gm. 



30 

. . 50 

(< 








50 

it 







At the 

height of these symptoms he went into auricular flutter and 


remained in this rhjdlim for about 2 weeks. _ This led to admission to the 
ward, where tonsillectomy and dental extractions were performed. During 
the flutter, acetyl-/S-methylcholin caused transient slowing of the ventricular 
rate but never changed the rhythm. He has had one brief attack of flutter 
since that time. 

After spontaneous recovery from flutter he again had frequent attacks 
of paroxysmal tachycardia and appeared for an injection whenever he had 
a bad one. Though a second injection was occasionally necessary we were 
invariably able to stop the attacks. Carotid pressure alone gradually 
became more efliective and the injections less necessary. 

During the summer of 1933 he regained the power to stop some of the 
attacks himself, a thing he had been unable to accomplish for well over a 
year. Since February, 1934, he has not needed assistance. At present 
his attacks occur infrequently, and he soon brings them to an end by taking 
a deep breath and bending over. His heart area, which increased to 
+71 % above predicted normal at the height of his symptoms, has now dim- 
inished to +27 %. His general health is excellent, but it has seemed wise 
to limit his exertion somewhat. He is not working, being unable to find 
suitable employment. He is taking 0.3 gm. quinidin and 30 mg. of digitalis 
3 times a day at present. 

Discussion. Toxic Effects and Their Relation to Syncope. No 
evidence has appeared that acetyl-^-methylcholin is dangerous 
when administered in a proper manner and dosage. The fatal 
dose has not been reached; doses of 10 times the therapeutic have 
led to reactions, alarming but transient. Repeated doses have 
been administered without the development of any signs of chronic 
toxicity. 

There is a striking similarity between the symptoms -produced 
by an overdose of acetyl-fl-methylcholin and the ordinary syncopal 
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attack. No case of the former has been observed with sufficient 
care to ascertain the order of development of the symptoms in 
those cases in which cardiac arrest and unconsciousness su])ervcned ; 
the state of mind of the attending physicians was not conducive to 
careful ol^servation at that moment. But from a knowledge of the 
effects of smaller doses the picture can be put together. Objective 
symptoms common to the action of this drug and to syncope are 
fall in blood pressure, hyperpnea, sweating, salivation, nausea 
(occasionally vomiting), increase in pulse rate and, later, pro- 
nounced diminution of pulse rate.® In both there is ]5rompt recov- 
ery without after effects. Atropin immediately relieves both.® All 
of the usual symptoms which follow an injection of acctyl-/3-mcthyl- 
cholin have been described in certain cases of syncope. This is 
a striking analogy. 

Certain obvious discrepancies may be exjdained by differences in 
position. After acctyl-^-methylcholin, given with the subject 
horizontal, the face always flushes; in syncope, the patient being 
in the upright position before collapse, flushing is sometimes seen, 
but pallor is more usual. In a general vasodilatation with the head 
raised the blood would be expected to drain into the dependent 
vessels, leaving those of the face empty; when the head is down, 
the vessels of the face would remain full. Flushing of the face was 
seen by Cotton' and Lewis,® when, after syncope, the subject lay 
on the floor, and in other patients whose mild attacks did not 
progress to loss of consciousness. 

Page® has pointed out the resemblance of the action of acctyl-/3- 
methylcholin to that which follows the injection of ]:)ituitrin and 
pilocarpin into the lateral ventricles. He has also called attention 
to attacks occurring spontaneously in certain cases of hypertension, 
which resemble the action of acetyl-j3-metliylcholin in many of their 
features,!® But in these cases the blood pressure rose, a feature I 
have seen very infrequently after acetyl-/3-methylcholin, and much 
more often after acetylcholin. 

It would be of great interest to test the blood of patients exliibiting 
such symptoms for derivatives of cholin. But, as the animal 
preparations necessary must be set up in advance, the test will be 
difficult to attain until a subject is found who will faint, or have an 
attack, on demand. 

Relationship to Other Drugs Commonly Used in Cardiac Cases: 
Digitalis and quinidin are so often administered to patients Avith 
types of arrhythmia treated with acetyl-fl-methylcholin that the 
question of the effect of the former drugs on the cardiac action of 
the latter frequently arises. The few preliminary pharmacologic 
experiments'! have indicated that the cardiac action of acetyl-/3- 
methylcholin may be altered by the other drugs. In my expei'i- 
ments on anesthetized cats and on isolated cat and rabbit hearts, 
quinidin has regularly diminished the cardiac action of acetyl-^- 
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metliylcliolin. But the diminution of the cardiac effect of acetyl-)3- 
methylcholin after quinidin is not to be compared with the complete 
annulment of all action which follows atropin. Large doses will 
break through the quinidin effect both in the experimental animal 
and in the clinic. 

The relationship between the actions of acetyl-/3-methylcholin 
and of the digitalis group is more complicated. Pines has demon- 
strated that the cardiac action of acetylcholin is increased by 
strophanthin in certain animal experiments.^^ I have obtained a 
similar result with acetyl-^-methylcholin in isolated rabbits’ hearts, 
and there is a little clinical evidence pointing in the same direction. 
However, in anesthetized cats and in isolated cat hearts I have not 
been able to demonstrate this reinforcing effect with any regularity. 
Also when strophanthin action has progressed to the point of block, 
or of alterations in the rhythm, doses of acetyl-jS-methylcholin, pre- 
viously effective, may have no effect whatever on the heart’s rate. 
Therefore, my animal experiments have not yet yielded results 
consistent enough to afford a basis for predicting the effect of digitalis 
on the clinical action of acetyl-jS-methylcholin. 

In any event, those using acetyl-/3-methylcholin in the clinic 
must be on the lookout for alterations in its effectiveness on the 
heart when their patients have been receiving quinidin or digitalis. 

Concerning the Use of the Cardiac Actmi in Thera'peutics. As the 
vagus-like effects of acetyl-/3-methylcholin on the heart cannot be 
secured without a vigorous exhibition of the other actions of the 
drug, to attain maximum therapeutic results, with a minimum of 
discomfort to the patient, requires skill on the part of the attending 
physician. He must not only choose the dose and inject the drug, 
but he must then control the intensity of the effects. The degree 
to which the action, after subcutaneous injection, remains under 
control is surprising. By vigorous massage of the site of the 
injection it can be intensified; by applying a tourniquet above this 
site it can be diminished and, at any time, it can be brought to an 
end immediately by an injection of atropin. 

In paroxysmal tachycardia, of the auricular or supraventricular- 
tjq)es, an operator skilled in the control of the action and in pressure 
on the carotid sinuses should bring the attacks to an end imme- 
diately in about 90% of instances. The physician who, after the 
injection, stands idly by, may expect success in a much smaller 
• per cent of cases. 

In auricular flutter the drug is only occasionally successful in 
changing the rhythm. The infrequency with which such patients 
appear at the clinic and the seriousness of their condition in most 
instances have hindered the development of a technique which has 
much promise of success. The transient increase in block, regularly 
secured, is^ of no therapeutic importance, but an electrocardiogram 
taken during it may permit the identification of flutter in some 
instances hard to distinguish from paroxj'^smal tachycardia. 
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Little need be said regarding the advisability ■of using this very 
active and, to the patient, disagreeable remedy to sto]) attacks of 
paroxysmal tachycardia. The decision must rest on the condition 
of the individual patient. If the attack can be stopped by a simple 
mechanical method, as carotid sinus pressure, C'cular pressure, etc., 
such means are to be preferred, although they may jjroducc consid- 
erable discomfort in themselves. Patients whose attacks cause them 
little inconvenience may prefer to be let alone. On the other hand, 
those who suffer acute distress during attacks usually prefer to 
have them brought to an end at the cost of temporary discomfort. 
^Mien experience has taught patients what to cx])ect they find the 
action of acetyl-0-methylcholin less disagreeable than at the first 
trial, when the unexpected vigor of the action may frighten them. 
Several have come for treatment whenever they have had an 
attack which cannot be stopped by simple means. The rapid 
transition from the acute discomfort of tachycardia to the well- 
being which follows the resumption of normal rhythm is one of the 
striking clinical phenomena. 

Summary. Acetyl-^-raethylcholin has been used in the treatment 
of 75 attacks of paro.xysmal tachycardia in 37 patients. In 06 
instances (88%) the attack was promptly brought to an end. 

The dosage necessary to terminate attacks of paroxysmal tachy- 
cardia varies with the age as well as with the weiglit of the patient. 

Quinidin antagonizes the cardiac action of acetyl-/?-incthylcholin 
and may well "be responsible for the failure to bring attacks of 
paroxysmal tachycardia to an end in certain cases. 

In auricular flutter change in the rhythm can occasionally be 
brought about by acetyl-/3-methylcholin. 

In 1 case the frequency of ventricular extrasystoles was diminished 
by the drug. 

The effects of overdosage of the drug are described. The symp- 
toms are closely analogous to those of the ordinary attac k of syncope. 
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LUNG PUNCTURE IN LOBAR PNEUMONIA. 

By S. W. Sappington, M.D., 

PATHOLOGIST, HAHNEMANN HOSPITAL, 

AND 

Grant 0. Favorite, M.D., 

ASSISTANT PATHODOGIST, HAHNEMANN HOSPITAD, PHID ADEDPHIA , PA. 

(From the CUnical Laboratory.) 

Ip lung puncture is to be practised as a diagnostic aid, especially 
routinely, it should be shown that it is a simple, safe method furnish- 
ing useful information. It is the purpose of this report to indicate 
that the procedure meets these requirements. 

Lung puncture was first done by Leyden^ in 1883. Since then, 
there are reports or mention of the method by Talamon,^ Patella,® 
Tchistovitch,"' Horder,® Eyre,® Rosenow,'^ Lister,® Clough,® Abra- 
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hams, Hallows, Eyre and French,*" Netter,** French,*" Nuzum, 
Pilot, Stangl and Bonar,*^ Thomas and Parker,* ■* Armstrong,**^ 
Lyon,*® Glynn and Digby,*' Cecil, Baldwin and Larsen,*® Stewart,*® 
Alston and Stewart,®® Cruickshank,®* Shihley and Rogers.®® In a 
number of these, the matter of lung puncture is only incidental or 
of minor mention in a paper devoted to another subject. In some 
instances®’ ®’*®’®® the punctures were done largely or exclusively 
postmortem. Lyon’s*® punctures were done entirely on infants 
and children: 20 of these were lobar pneumonias and 18 broncho- 
pneumonias. Lung puncture studies Avere also done on influenzal 
pneumonias. Netter,** in the 1918 epidemic, recovered the influenza 
bacillus in 4 out of 8 lung punctures. Nuzum, Pilot, Stangl and 
Bonar,'® in the same influenzal epidemic, did 36 lung punctures 
but failed to find the influenza bacillus, though the pneumococcus 
was recovered 11 times. 

Alost of the lung punctures were done on lobar pneumonias. 
Smears made directly from the products of lung suction afforded 
little information of A-alue. Studies were more profitably directed 
toAvard the percentage of posith-e cultures from puncture as Avell 
as the number of cases in Avhich the pne\imococcus Avas isolated 
in purity. Then folloAved studies on the types in lung puncture 
cultures and comparison of these re.sults AA’ith the sputum findings. 
Attention Avas also paid to the stage of the pneumonia in Avhich the 
pneumococci Avere recoA'cred and the relation to the crisis, prognosis 
and Aunilence. Patella® did punctures before and after the crisis 
finding large numbers of pneumococci before crisis and obtaining 
inconstant results after crisis. RosenoAv” noted that AAdiile positiA'e 
cultures were obtained all through the course, the percentage of 
positNe results Avere much higher in the early stages in faAmrable 
cases and tended to diminish in these cases as crisis aa’bs approached. 
On the other hand he found that positNe cultures persisted to death 
in unfaAmrable cases. Thomas and Parker,*'* in general, confirmed 
Rosenow’s work and showed that where puncture cultures Avere 
positiA^e after the sixth day, the mortality AA’as 56% compared Avith 
23.5% in those with positive results up to the sixth day only. They 
found some cases, howeA’^er, A\nth positNe cultures after the crisis 
and elaborated a theory of antibacterial and detoxifying mechanisms 
working independently. The matter of pneumococcic Aurulence 
as indicated by the presence of smooth or rough forms and the 
degradation of S to R forms and their relation to recoA’^erj^ Avas 
studied by Shibley and Rogers®® by lung puncture A\dth someA\diat 
suggestwe results, though it Avould appear that further studies on 
more cases were necessarj"^ for definite conclusions. 

The percentage of positRe lung puncture cultures in lobar pneu- 
monia during life is, according to Ai-arious obserA^ers, around 50%. 
Lister® in 200 cases got 50% of positNes; Thomas and Parker,*'* 
59% in 73 cases; Gljmn and Digby,*** 37.5% in 44 cases; SteAA'art,*® 
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76% in 17 cases; Cruickshank,-^ 50%; and Bullowa “ about 35% 
of positives in 1467 cases. The results probably depend on the 
culture teehnique as well as the stage and the case of pneumonia. 
Mostly, pneumococci were found in pure culture, though at times 
other organisms were also recovered or later contaminated the cul- 
tures. The prognostic value of lung puncture has already been 
indicated in the observations of Rosenow,'^ Thomas and Parker,^^ 
and Shibley and Rogers.-^ To this may be added the information 
furnished by tj'ping. In previous studies on lung puncture the 
typing was confined to the 4 tj>pes then recognized. With the 
32 or more types now known, and with the utilization of the Neufeld 
method of tjTping, the usefulness of lung puncture has, we believe, 
been extended. It is with this phase that this paper deals. 

Lung puncture has never become a popular method of diagnostic 
approach to pneumonia. The reason for this is almost certainly a 
hesitancy over a real or apparent danger in the procedure as well 
as a lack of demonstration of its practical usefulness . Horder ® as long 
ago as 1909 published a paper entitled "Lung Puncture; A New 
Application of Clinical Pathology,” a heading which hints at a useful 
method. Among those who have had considerable experience with 
lung puncture'2’i^'i5.i7,i9 there is general agreement that the danger 
is negligible. Glynn and Digby^^ in reviewing the subject conclude 
that "the examination of lung juice in pneumonia is a valuable but 
neglected aid to exact bacteriologic diagnosis, especially in children. 
If properly performed, the danger is negligible, except that hemor- 
rhage may occasionally occur.” Bullowa,^® who has had extensive 
experience with lung puncture, or as he prefers to call it, lung suc- 
tion, uses the method routinely in a very large pneumonia service 
at the Harlem Hospital and also finds the danger of no moment in 
properly selected early cases of lobar pneumonia, employing his 
technique. He had no increase in empyema, rarely a slight or unim- 
portant hemorrhage and occasionally a pneumothorax. There is 
unanimity of opinion among observers that there is no increase 
in the incidence of empyema after lung puncture. Slight transient 
hemorrhage after puncture is mentioned by a number of writers. 
Pneumothorax is a rare but real sequel but the present view of its 
therapeutic value would make it an advantage rather than a dis- 
advantage to the patient. Sudden death is mentioned only once 
in the references here listed,’^ and must be excessively rare from 
lung puncture. Collapse or sudden death, follovdng thoracentesis 
for pleural effusion or lung conditions is said^'* to be due in nearly all 
cases to air embolism, the point of an unattached, usually large, 
needle or trocar entering a vein and permitting air suction during 
inspiration. With the needle firmlj’^ attached to a syringe this 
danger should be eliminated. It is assumed that one’s knowledge 
of anatomy and physical diagnosis will exclude any such unnecessaw.'^ 
accidents as puncture of the heart or large vessels or an aneurysm. 
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Finally improvements in technique, such as the use of a small 
needle and restriction of any movement of the needle when in the 
lung, should reduce sequelai to a minimum. 

Technique. In general, after preliininarj’ cleansing of tlic skin and ane.s- 
thetization of the underljdng tissues with procain solution, the con- 
.solidated lung is punctured with a long needle attached to a syringe which 
may or may not contain broth or saline. Strong suction is made, and the 
resulting vathdrawn material distributed to culture media. The skin is 
usually cleansed with iodin and alcohol. In most case.«, local anesthesia 
is recommended. IVe did not find it nccc.«sary. Tiie needles formerly' 
used were large size and Thomas and Parker’^ emjdoycd a IG gauge. Most 
operators now ad\nse an 18 to 20 gauge needle. Huliowa--'' uses a very fine, 
flexible, stainless steel needle, 10 cm. in length, 22 gauge, medium point and 
35 degree bevel. The length generally suggested is 10 cm. The sjTingcs 
advised are of 10 to 20 cc. size. Some use suction as the needle is withdrawn 
from the lung while others"^ employ suction both as the needle entens and 
leaves the lung. Thomas and Parker” and Stewart'’ use a dry syringe. 
Glynn and Digby'' draw 0.5 cc. of saline in the f^yringc, and after the needle 
is introduced inject this fluid into the lung and then make steady suction. 
Bullowa’^ has 3 to 4 cc. of blood broth in the 20 cc. syringe at tiic time the 
puncture is made so that the withdrawn material mixes at once with this 
culture medium. The medium also a.ssists in exi)elling what remains in the 
needle. At times, Bullowa’’ find,s, some of the contents of the needle may 
be expelled on a slide for direct typing. Those who use a dry .sjTinge usually 
rinse out the wthdrawn matter with plain, phos))hate or glucose broth. 
The withdrawn lung juice or blood, mixed or unmixed with broth is dis- 
tributed to culture media such ns serum or blood tigar plates, blood or 
chocolate agar slants and broth. Sometimes,” a mouse is injected with 
the broth washings. 

The technique we employed was as follow.s: The location of the consol- 
idated area was carefully located by physical signs and Roentgen ray. 
Puncture was not done unless there was definite evidence of pneumonia. 
Over this area of maximum signs and shadow, the puncture was made. 
This usually Avas over the posterior inferior asi)ect of the chest, but we 
frequently entered the lung without damage through the ujiiier chest pos- 
teriorly or anteriorly (infraclavicular region) or in the axilla. Tlie skin 
over the prospective site was thoroughly swabbed vdih alcohol only. No 
anesthetic was used and patients made -little or no complaint. A drj' 5 cc. 
glass SjTinge with a 6 cm. No. 20 needle was employed. The needle was 
entered 5 or G cm. and strong suction made on Arithdrawal. The needle, 
after introduction, was not moved about or changed from its primary 
position in the lung except to wdthdraAv it. If negative pressure Avas en- 
countered on suction the results Averc usually good: if i)ositivc pressure 
Avas found and the piston of the syringe slipped back easily, the results 
AA'ere usually disappointing. Commonly a little bloody matter AA*as obtained. 
This might be only a drop or two or as much as 1 cc. Not infrequently 
nothing gro-ssly Aosible Avas removed or a mere serous moisture. Occasion- 
ally just before complete Avithdrawal a little clear fluid entered the syringe, 
CAudently a thin pleural exudate. In this instance, positive cultures Avere 
not always obtained. After the needle was removed from the lung, the 
contents of the sjTinge were at once washed into a single tube of slant 
agar at the bottom of Avhich Avere, 1.5 cc. of plain broth pH 7. This Avas 
done by entering the small 5 cc. syringe and needle into the agar tube so 
that the needle reached to the bottom of the tube. The broth AA’as then 
sucked up into the syringe and expelled, and this Avas rei)eated 4 or 5 times. 
Even AA'hen there AA’as. no Ausible AA’ithdraAA’n matter the procedure AA'as 
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followed and positive cultures were not infrequently obtained. Especially 
was this prospect good if a few fibrin flabes were seen. The tube was at 
once incubated and examined at short intervals later, say 2, 4, 6 and 12 
hours, by making spreads of the broth at' the bottom of the slant and the 
agar surface just above it. 

The first evidence of growth, if the examination of the broth was made 
only a few hours after the puncture, was at time.s only a few pneumococci. 
At other times, the first examination showed numerous organisms. After 
their first appearance, even in very small numbers, the pneumococci in- 
creased very rapidly. As soon as they were in sufficient numbers for typing, 
this was done by the Neufeld method, using a small drop of broth against 
one or two of serum. A culture was considered ripe for typing when there 
were at least 10 bacteria per oil-immersion field. Fewer bacteria, when 
diluted with typing serum and methylene blue, required too tedious a search 
to find the organisms. Pneumococci cultured this way showed beautiful 
capsulation under the action of the serum in primary cultures as young as 
2 hours or as old as 36 hours. The secondary growths did not show it. 
When the primary growth was injected into a mouse, the peritoneal wash 
also showed excellent capsulation "with serum. 

Findings. Sixty cases- of lobar pneumonia were studied, 57 
pneumococcic and 3 streptococcic. Of these, 54 (90%) yielded 
positive lung puncture cultures suitable for direct typing of the 
pneumococci by the Neufeld method and for cultural and mor- 
phologic recognition of the tjT© streptococcus. It required 68 
punctures in the 60 cases to obtain the aforementioned figures. 
Of the 60 initial or primary punctures, 49 (81.6%) gave positive 
cultures. Se^'■en patients were punctured a second time, 4 yielding 
positive cultures; 3 punctures were done on only 1 patient, the 
third being positive. From the point of view of the number of 
punctures, 54 out of 68 (79.4%) were positive. 

The lung puncture cultures were actually or practically pure in 
every instance. In 54 cultures only a single organism grew and this 
bacterium was unquestionably the causative factor in the infection. 
In 3 instances, after 48 hours, a contaminating white staphylococcus 
ivas also found but this was after the diagnostic work had been done 
and the subcultures made. In the first 48 hours all cultures were 
pure. A pneumococcus w'as recovered in 51 cases; a hemolytic 
streiitococcus in 3. The pneumococci fell into the following t;>q)es: 
Type 1, 12 cases; Type 2, 15 cases; Tjq>e 3, 3 cases; Type 4, 2 cases; 
and 1 case each of Types 5, 7, 8, 9, 14 and 18; 13 remained unclassi- 
fied, lacking appropriate tjq)ing sera. The streptococcus cultures 
were easily identified by the marked hemolysis on the primary 
blood agar tube, making subcultures for further study unnecessary. 

There would be no justification for doing lung puncture in lobar 
pneumonia with a Anew to serum therapy unless the organism could 
be recovered and typed -within a short time. We endeavbrcd to 
study this phase of tlie ])roblem by examining the broth repeatedly 
at short intervals, though this Avas not ahvays practical Avhen the 
puncture and culture were made late in the day. In 33 of the posi- 
tive punctures, the cultures Avere examined at 1 or 2-hour intervals 
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and the organisms found witliin 8 lionrs. At the end of 3 liours, 10 
cultures were positive while at the end of G liours,, the number 
increased to 20. Twenty-one punctures and cultures were made late 
in the afternoon and not examined until the next morning. 'I'he 
earliest positive culture fit for typing was in 2 hours; the latest, 
30 hours. Thus, over lialf of the puncture cultures were positive 
within 6 hours and these figures almost .surely would have been 
higher had frequent examinations in all eases been done. After 
the initial lag phase, the number of bacteria increased rapidly within 
a very short time. The first finding might show only 5 or G organ- 
isms in the wliole spread examined rapidly; while an hour later, 
the same ailturc would show organisms in every oil-immersion field. 
Plotting the total nuiUbcr of positive cases for the time interval, 
the rc.sulting curve (Chart I) simulates the accepted groivth curve 
of bacteria. 



CnAiiT I. — The number of cultures positivo nl the various liour-s after puncture. 


The distribution of punctures with respect to the course or the 
day of the disease was fairly uniform. In the first 4 days of the dis- 
ease 34 were done, 21 of these in the fir.st 2 days; 29 from the fifth 
to the tenth day inclusive. In 5 cases, the day of the disease could 
not be fixed definitely. With the exception of the third day, when 
a coUiparatively small number of punetures were done, the percent- 
age of positive cultures was consistently high during the first 6 
days of the disease (Chart II). It may be noted that 10 punetures 
were made from the seventh to the tenth day inclusive. Of these, 
7 were positive with 5 deaths; 3 were sterile with no deaths. 

Sputum was present at some period of the disease in 57 eases. Of 
these, the sputum was present and typed at the time the lung punc- 
ture was done in 35 cases. It was satisfactory for direct Neufeld 
typing' in 32 instances and by the mouse method in 3 instances. 
In 22 cases, the sputum was either absent or not obtainable up to 
the time the puncture was made. In 9 of these the sputum was 
later obtained and typed. A few cases had no sputum at any time. 
In 44 cases in which typing was attempted, the exact type Avas > 
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determined in 25. In the remainder, typing was unsuccessful for 
want of appropriate antiserums. In the 25 classified sputa, the 
type ascertained was the same as that found in the corresponding 
lung puncture culture. In 24 the agreement was determined on the 
first typing. In 1 case only, a Type 4 was not found on the first 
attempt as was expected from the Typed lung culture: on the second 
attempt, however, Type 4 was demonstrated in the sputum. 

The 3 streptococcus pneumonias were lobar in distribution and 
hemolytic in type and lung punctures were positive in all cases. 
The hemolytic type made recognition easy. 

Blood cultures were done in 17 cases, 5 of which proved positive, 
1 of these being a streptococcus hemolyticus, the others pneumo- 



Chakt II. — The correlation of 63 lung punctures, 49 positive cultures, and 14 
sterile cultures witli the day of disease. 


coccic. In the 4 pneumococcic positives the blood and lung tj'pes 
agreed. 

The mortality for the entire series was 40%, 2 of the 3 strepto- 
coccus pneumonias dying. Autopsies were held in 10 cases, enabling 
us to examine the site of lung puncture. No trauma was demon- 
strated from the puncture and in most cases it was difiicult or impos- 
sible to find the puncture site. In 1 case in which there had been 
some hemorrhage after puncture no blood was found in the lung 
or bronchi and there were no signs of injury. 

Seqtielw. In the natural course of lobar pneumonia, empyema 
is regarded as the most important frequent complication and one 
that might theoretically be anticipated after lung puncture. The 
frequency of this complication varies, depending in part upon the 
type of the organism. In Cecil’s-® large series of pneumococcus 
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pneumonias, tlie incidence of empyema ranged from 3.0 to 0.8% in 
the various types and averaged 5.1% for all types in 1913 cases. 
In our series of 57 ])nenmococcu.s pneumonias, empyema occairred 
in 5.3% of cases. I3ut if tlic incidence of empyema he based on the 
'ntimbcr of lung punctures, \Yhieh would seem logical, the incidence 
in the pneumococcus pneumonias was but 4.0%. 'I'he types found 
in tlm pneumococcus cases Averc 1, 3 and S, and these agreed with 
the lung puncture ty])es. One of the 3 streptococais pneumonias 
develojjed em])yeina. 

Hemorrhage develojicd immediately following lung puncture in 
3 cases. In 2 it was trivial and only consisted of little bloody sputum 
for a few liours after tlie puncture. In another case, tlic bloody 
e.vpectoration continued for .some days, though it was ncA'cr large 
in amount. Tliis jjatient died of very extensive imdtilobar pneu- 
7nonia and autojxsy, as cited, .sliowed no tramjia or collected vi.sccral 
blood. 

Pneumothorax developed in 1 case. 3’his occurred in the early 
part of our investigation, the ]>aticnt being punctured 3 times at 
one sittifig and the needle moved about after entering. IVc attribute 
this accident to our own poor technique at that time, tliough un- 
doubtedly pneumothorax occurs occasiojially when the technique 
is not to be criticized. This patient was aclnally imi)roved after 
this pneumothorax. 

There Avere no cases of sudden death after puncture or deatli 
attributable in any Avay to the procedjjrc. 

Comment. This rcA’iew and study indicate, we believe, that lung 
puncture is reasonably safe and useful. Out of about 2000 lung 
punctures collected, tliere Avas only 1 case of sudden death''* and, 
as a matter of fact, iii this case the chc.st Avas being tapped for sus- 
pected fluid and the lung punctured unintentionally. There is no 
instance in this large series, of death from hemorrhage or pnenmo- 
thorax. It is true, of course, that sudden death may folloAv chest 
puncture and Russell, in criticizing Horder’s p!\])cr-’on lung punc- 
ture in 1909 cited 11 deaths folloAving chest tap. Ilorder*" elYec- 
tiA'ely replies to this and concludes that this contingency is the 
rarest of events. And in the last 25 years, and jiarticidarly lately, 
Avith improA'cd technique and diagnostic skill, the danger of sudden 
deatli or serious hemorrhage seems to have almost disappeared 
so that the conclusion of many writers that the danger is “negli- 
gible” Avould appear justified. In furtherance pf this avc Avould urge 
strict adherence to the technique cited, especially the use of small 
JlGCCllcS. 

The usefulness of the procedure is seen in fact that 90% of GO 
puncture cases yielded positiA^e cultures AA'liicIi Avere pure and imme- 
diately adapted to Neufeld typing in the case of pneumococci. Half 
of the positive cultures Avere positive Avitliin 6 Jiours tlms permitting 
early tj-ping and therapy. We were able to tjqie 38 of the positive 
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lung cultures as against 25 of the sputum organisms. Had all of 
the 32 pneumococcic antisera been available, these figures would 
of course have been increased for both. The advantage of lung 
culture typing is seen in the fact that in 22 of our cases the sputum 
was absent or not obtainable up to the time the puncture was made. 
Prognostic data in our small series were insufficient but what there 
are agree with those of Rosenow^, and Thomas and ParkeP"^ in 
indicating that the viable lung organisms disappear in the later days 
in favorable cases and persists to death in unfavorable ones. 

The 100% type agreement of the organisms of the sputum with 
those of the lung puncture cultures shows the reliability of the 
sputum in this respect. Therefore, in cases where the sputum 
is available and typable, lung puncture is unnecessary. 

The technique herein detailed, the use of a single tube of blood 
agar with 1.5 cc. of plain broth at the bottom of the tube, is so 
simple and adequate that it is to be recommended. The very rapid 
growth of the lung organisms in this small amount of broth plus 
the few drops of lung blood or exudate allows early typing of the 
pneumococcus and usually the recognition of the type strepto- 
coccus. 


Four of the lung punctures were done after antipneumococcus 
serum had been administered: all 4 of these gave positive cultures. 
Two Type 1 cases gave positive cultures 3 and 24 hours respec- 
tively after 20,000 units of serum. A Type 2 case was positive 
3 hours after 10,000 units of serum: and another Tj’pe 2 case gave 
a positive culture 24 hours after 20,000 units. Three recovered; 
1 Type 2 case died. 

One patient gave a Type 2 pneumococcus in the sputum and from 
the lung. Reference to a hospital admission 8 months previous, 
showed he then had Type 2 pneumonia. He recovered. 

Summary. With a simple and apparently safe technique, 60 
cases of lobar pneumonia (57 pneumococcie and 3 streptococcic), 
were subjected to diagnostic lung puncture. Positive cultures, 
suitable for typing, were obtained in 90%, half of these within 6 
hours. Lung puncture cultures made 3 and 24 hours after the 
administration of antipneumococcus serum were positive. In 25 
cases in which both the lung and sputum pneumococcus were typed, 
there was 100% agreement. "Viffiere sputum is at once available, 
therefore, lung puncture is unnecessary. In 22 of the cases, how- 
ever, the sputum was either absent or unobtainable at the time the 


lung puncture was made. The method is, therefore, recommended 
for early diagnosis and tyqiing when spiltum is not as quickly 
availghler ^ 


REFERENCES. 


1. Leyden, I.; Deutsch. naed. Wcbnschr., 9. 52, 1883. 

2. Talamon, M. LeD.: Bull, soc, anat. de Par., 63, 475, 1883. 

3. Patella, V.: Atti d. R. Academia di Roma, 4, 1888. 

4. Tchisto^•itcb, N.: Ann. de ITnst. Pasteur, 18, 304, 1904. 



234 


KItVEMEU, ASIIEU: 


5. Ilorclcr, T. .T.: Lanccl, 2, I.'JIS, 1009. 

0. Ejw, J.: .1. Padi. and Bnct., 14, 100, 1910. 

7. Ro.scnow, E. C.; .1. Infect. Dis., 8, 500, 1911. 

S. Li.stor, F. An Expcriincntal Study of Prophylactic Inoculation Acainiil 
Pnouinococcal Infection in llahhit and Man, Publ. So. African Inat. Med. Rea. 
Johannesburg, No. S, October I, 1910. 

9. Clounh, M. C.; Johns llopldns llo.sp. Bull., 28, JOO, 1917. 

10. Abrahams, A., Hallows, N. F., Eyre, J. W. II., and French, II,; Lancet, 2, 
877, 1917. 

11. Noller, Bull. Acad, do Med., 80, 275, 1918. 

12. French, II., quoted by GImiu, E. E., and DiRby, L.; Ref. 17. 

13. Nuzum, .1. W., Pilot, I., StaUKt, F. II., and Bonar, B. E.: J. Am. Med. Assn., 
71, 1502, 1918. 

14. Thomas, II. M., and Parker, F.; Arch. Ini. Med., 20, 125, 1920. 

15. Armstrong, R. 11.; Brit. Alod. J., 1, 259, 1921. 

10. Lyon, A. B.; Am. J. Dis. Child., 23, 72, 1922. 

17. Gljnin, E. E., and Difiby, L.; BactcrioloKic and Clinical Observ.ations on 
Pneumonia and Empyomata, irith Special Reference to the Pneumococcus and to 
Scrum Treatment, Great Britaiti Nat. Health Ins. Med. Res. Com., Special Rci)ort. 
Series 79, p. 105, 192.3. 

18. Cecil, R. L., Baldwin, H. S., and Larsen, .S. P.; Arch. Int. Med., 40, 253, 1927. 

19. Stewart, D.; Lancet, 2, ,520, 1930. 

20. Alston, J. M.. and Stewart, D.; Brit. Med. J., 2, 800, 1930. 

21. Cniick.shank, R.; GlasRow Mod. .1., 115, 59, 1931. 

22. Shiblcy, G. S., and lloKcrs, E. S.; Proc. Soc. Exp. Biol, and Med., 30. 0, 
1932-1933. 

23. Bullowa, J. G. M.; Personal Communication. 

24. Medical Science; Abstr.acts and Reviews, 3, .521, 1921. 

2.5. Cecil, R. L.; Tc.xt-book of Medicine, 3d edition, Pliiladelphia, IV, B. 
Saunders Company, 1934, j). .30. 

20. Russell, A. E.; Lancet, 2, 1530, 1909. 

27. Hordor, T. J.; Correspondence, Ibid. 


THE ASSOCIATION OF ERYTHREMIA AND DUODENAL 

ULCER. 

By Manfueb Kuaemeu, I\I.D., 

APSOCIATE, GAf3THOEXTEnOI.OC.Y, NEWARK rilKSnYTEIUAN IIOSriTAL; ASSISTANT IN 
MEDICINE, NKWAUK CITY, ST. JAMES AND IlETH ISRAEL. IIOSPITAT-S, 

AND 

M.vuuice Asher, M.D., 

FORMERLY GASTROENTEROLOGIST AND CHIEF OF MEDICINE, NEWARK DETH ISRAEL 

HOSPITAL, NEWARK, N. J. 

In August, 1932, Morris' et ul. inferred from their findings in the 
blood in erythremia that the disease was due to an overproduction 
of the blood-forming hormone, which they named “ addisin.” Tliey 
propounded the theory that erytliremia was due eitlier to excessive 
secretion of “addisin” by the stomach or due to an increase in the 
susceptibility of the hone marrow to stimulation by “addisin.” 
Tiiey suggested that erythremia be treated by lessening the gastric 
seerkion. A year later the Morris group- definitely concluded that 
“addisin,” the hemopoietic factor secreted in the normal stomach, 
was identical with the “intrinsic factor” of Castle." They treated 
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a case of erythremia by lavaging the stomach 3 to times weekly ' 
in an attempt to diminish the body’s supply of “addisin.” In the 
course of 6 months their patient’s blood count fell from 10 to 
5.3 millions, A few months after the lavage was discontinued the 
count had again risen to 10.2 millions. 

Their patient had a duodenal ulcer associated with the erythremia. 
This association of erythremia and duodenal ulcer seems to be more 
than coincidental. The subject of the association of these two 
diseases has recently been discussed by Boyd/ who, after reviewing 
the literature and reporting a case, reached the conclusion that 
polycythemia bore a causal relationship to duodenal ulceration. 

Wilbur and Oclisner® have also abstracted the literature regarding 
the concurrence of these diseases and have carefullj’^ investigated 
143 case records of erythremia at the Ma}^ Clinic. In 8% of their 
cases there was roentgenologic e\ddence of gastric or duodenal 
ulceration. In a control series of 200 cases of h^^pertension the 
incidence of ulcer was only 2 %. 

We have recently observed 2 patients having erythremia and 
duodenal ulcer associated. Both patients were Russian Jews 
employed in tailoring establishments. The gastro-intestinal com- 
plaint was predominant in both cases. The first case presents 
nothing of unusual interest, and it is offered merely because it adds 
another case to those already reported of the association of these two 
diseases. 

Case Reports. Case 1. S. B., a white male, aged 52, complained of 
pain at the ensiform cartilage after meals. The pain was relieved by food. 
This symptom had persisted for 2 years, and the patient had had no illness 
of significance previously. The skin of the face was purplish-red and the 
mucous membrane of the mouth was deep red. There was marked epi- 
gastric tenderness. The red blood cells numbered 9,400,000 and the 
hemoglobin was 140 %. Roentgen rays taken elsewhere showed a duodenal 
ulcer. The patient refused to permit extensive study of his case as he M^as 
interested only in relief from the ulcer symptoms and could not be persuaded 
of the significance of his blood dyscrasia. He was given an alkalin powder 
and a hj^jeracidity diet and was not heard from again. 

The second patient was more cooperative. We attempted a 
series of lavages, not only to relieve the ulcer symptoms but also’ in 
the hope that the erythremia might improve as it did in the case 
treated by Morris and his associates. 

Case 2. — J. P., a white male, aged 49, came to us on November 21, 1933, 
for relief of “stomadi trouble.” He complained of epigastric pain and 
sour water brash. The symptoms appeared about 3 hours after meals 
and were relieved food. These complaints had their onset in January, 
1933. He sought medical adwce in the summer of 1933, and was told that ' 
he had an “acid stomach” and was treated unsuccessfullj' with diet and 
ailmlis bj^^ two successive phj’^sicians. 

Ill addition to this gastro-intestinal historj", he informed us that he 
was a sufferer from pofvc 3 i;hemia vera. He had become aware of this 
blood dyscrasia earlj' in 1932. At that time a sebaceous cj'st was removed 
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from tlic l)ack of his neck at a physician’s office. Tlic bleeding wis so 
severe that to control it the patient was removed to a hospital. Tliere 
the diagnosis of erythremia was made. From June, 1932, until February, 
1933, he was treated for the ersdlircmia at the Stuyvc.sant Square Hospital 
Clinic of Hew York. This clinic was kind enough to supply us with infor- 
mation about the patient. He had been given jfiienylhydrazin in capsules. 
The red cells fell from 9 to 6 million, but returned again to 9 million after 
the drug was withdrawn in Febniarj', 1933. 

Physical examination; Blood pres.sure, 1.50/100. Skin of face and 
hands was of a purplish hue. Mucous membrane of the mouth and pharjmx 
Avas deep red to purple in color. The heart, lungs, abdomen and reflexes 
showed no abnormalities. However, a Roentgen raj" film of the chest 
showed considerable increase in bronchial and vessel markings. 

Laboratorj" examination; The urine contained a large quantitj" of 
albumin and manj’ granular casts. The red blood cells numbered 8,7.50,000; 
hemoglobin, 13.5%. Fractional gastric analysis showed a curve of hjqicr- 
aciditj", continuing high over most of the test period of 2 hours. Occult 
blood was ]wcscnt in all siiccimcns. Gastro-intcstinal fluoroscopj' and 
Roentgen-ray films disclosed the typical deformity of duodenal ulcer. 

Diagnosis; Duodenal ulcer. Erj'thrcmia. Chronic nephritis. 

Cour.se; Knowing that gastric lavage would greatly relieve the ulcer 
sj'mptoms, and in A'icw of tlic benefits obtained bj" Morris in crj'thremia, 
Ave employed this treatment in our case. We prcscrilicd a bland diet and 
alkalis and instituted biAA’coklj' laA'agcs, Avhich were carried out over a period 
of 3 months. The patient arriA’od at the office for his laA’age about an liour 
after a breakfast of a cup of cofTcc. The stomach aa-bs Avashed 10 times 
at each Ansit Avith 300-cc. ixirtions of dilute bicarbonate of soda solution, 
administered and AvithdraAvn through a narroAV Rehfuss tube. After a fcA\' 
AA’ceks, occult blood Avas absent from the return wash Avater, and after 
2 months the symptoms of ulcer disappeared. The rod blood counts taken 
from time to time AA’ero as folloAA's; 

NoA"cmber 21, 1933; 8,750,000; hemoglobin, 135%. 

Decembers; 9,000,000; hemoglobin, 138%. 

January 9, 1934; 9,070,000; hemoglobin, 144%. 

Februarj" 23; 9,500,000; hemoglobin, 130%. 

Wlien the patient Avas cured of his painful ulcer sjonptoms, and since he 
kncAV that his red blood cells AA-ere not being reduced, he Avas no longer con- 
tent to continue the lavages. In March, 1934, treatment Avas discontinued. 
A folloAV-up in May, 1934, rcA'calcd that the patient AA'as still free from his 
ulcer symptoms and was receiAong Roentgen ray thcrajiy for his erythremia. 

Comment. Apparently not all cases of erythremia are benefited 
byi lavaging “addisin” from the stomach. It is possible that Ave 
did not carry out frequent enougli Avashings. Oerting and Briggs" 
lavaged their patients 4 to 6 times daily, and thus obtained a reduc- 
tion in the red blood cells. The difficulty of persuading a symptom- 
free patient to consent to such a procedure can readilj’ be realized. 
HoAvever, it is only by trying this treatment on all cases of eryth- 
remia that its values can be determined. Lavage of the stomach 
affords such great relief to ulcer sufferers that they are Avilling to 
continue the treatment for long periods of time. 

Should a patient Avith erythremia and duodenal ulcer associated 
shoAv a marked reduction in erythrocyte count after gastric laA^age, 
gastrectomy might afford permanent cure of both afflictions. This 
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operation would remove the source of “ addisin and at the same time 
cure the ulcer. At least, it is interesting to speculate on curing 
erythremia by gastric resection. 

REFERENCES. 

1. Morris, R. S., Schiff, L., and Foulger, M.: Erythremia, a Theory Regarding 
Etiology, J. Med., 13, 318, 1932. , 

2. Morris, R. S., Rich, M. L., Schiff, L., Foulger, J. H., and Felson, H.: Observa- 
tions on Addisin in Diseases of the Blood, Ann. Int. Med., 6, 1535, 1933. 

3. Castle, W. B., Heath, C. W., and Strauss, N. B.: Observations on Etiologic 
Relationship of Achylia Gastrica and Pernicious Anemia, Am. J. Med. Sci., 182, 741, 
1931. 

4. Boyd, W.: The Relationship of Polycythemia to Duodenal Ulcer, Ibid., 187, 
589, 1934. . 

5. Wilbur, D. L., and Ochsner, H. C.; The Association of Polycythemia Vera 

and Peptic Ulcer, Ann. Int. Med., 8, 1667, 1935. • 

6. Oerting, H., and Briggs, J. F.: The Influence of Gastric Lavage on Familial 
and Non-familial Erythremia, J. Am. Med. Assn., 104, 250, 1935. 


AMEBIASIS AND CANCER OF COLON. 

By Alfred C. Reed, M.D., 

PROFESSOR OF TROPICAL MEDICINE, HOOPER FOUNDATION, UNIVERSITY OF CALIFORNIA, 

AND 

Hamilton H. Anderson, M.D., 

ASSISTANT CLINICAD PROFESSOR OF PHARMACOLOGY, UNIVERSITY OF CALIFORNIA 
MEDICAL SCHOOL, SAN FRANCISCO, CALIF. 

(From The Pacific Institute of Tropical Medicine within The Hooper Foundation 
of the University of California.) 


In his Clinical Medicine, Trousseau^ says, “I repeat that d3’'sentery 
is the most formidable and dangerous of all epidemic diseases. Even 
when patients have resisted its first assaults, and seem to be reaching 
convalescence, danger is not past, and there are evil consequences 
to be dreaded after the disease.” Trousseau’s characterization 
included amebic dysentery and seems to have particular force when 
we consider so serious a sequel of it as cancer of the large bowel. 

Attention has been called frequently to amebic lesions of the 
colon which were mistaken for carcinoma. Cancer has been men- 
tioned by various miters as a possible sequel of amebic dysenterjL 
Remarkably little has been reported on the association of cancer 
with amebic dysentery, and the masking of malignant symptoms 
by indications of amebiasis. 

The first half of the picture, amebic lesions simulating cancer, has 
been presented, among others by Desjardins,- who states that 
undoubtedly operations are performed under this wrong diagnosis. 
He calls attention to masses consisting of a true neoplasm of amebic 
origin, or an inflammatory mass secondary to an amebic nicer, or to 
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an aincbic nicer alone. He cle.seribes a characteristic patient, aged 
•40 to 50 years, with per.sistent attacks of pain in tlie right lower 
quadrant, difficulty in defecation, alternating constipation and 
diarrhea, with mucoid movements at times bloody. Examination 
shows a hard irregidar mass either fixed or movable with the colon. 
The Roentgen ray may show a filiform narrowing. The whole 
picture seems one of cancer but the mass is made up of spastic 
bowel and inflammatory products of an ulcer. 

Gunn and Howard^ report 3 cases of amebic granulomas simulat- 
ing cancer. ' The pathology in these cases consisted of persisting, 
“isolated, chronic ulcer with progressive erosion of the wall of the 
bowel.” Edematous fibrous granulation tissue was produced in 
large (piantity resulting in definite tumor masses. These amebic 
granulomas may “give symptoms, physical signs, and radiologic 
appearances that may be identical with those produced by car- 
cinoma.” This important report deserves careful study. The 
authors comment on the rarity of reported amebic tumor formation, 
and could find only 0 authentic cases beside their own. They note 
that amebas may apjiear in the stools only occasionally, if the 
amebic colonization is limited to the tumor mass, thus making pre- 
operative diagnosis even more difficult. • Rogers'* refers to 2 cases 
of supposed cancer, in which amebas were found, and which were 
cleared up by cmetin treatment. The present writers liavc seen 
3 cases in which definite tumor masses were found in the colon but 
in none was the mass isolated, arising from a single ulcer as described 
by Gunn and Howard. Extension of the lesion to various parts of 
the colon is strongly against a diagnosis of cancer. Amebic tumors 
. tend to disappear with medical treatment but their failure to do so 
does not rule out an amebic lesion. Gunn and Howard observed 
coexistence of amebiasis and cancer, and note that Roentgen ray 
findings may not distinguish between the two. 

A case of poljqiosis of the colon has been described by Hines® 
in which “the colon mucosa presented no gross signs of ulceration, 
but was the site of multiple confluent poljqioid masses.” Hines 
describes the frequent formation of polypoid masses at the margins 
of healing dysenteric lesions. He quotes Kaufmann® who noted 
their presence in tuberculous ulcers of the colon, and refers to 
descriptions of their occurrence in amebic lesions. Here we have a 
possible method for the development of cancer from an amebic 
lesion, through the transitional stage of poljqis or small adenomas. 

Cancer of Colon and Eectura. Carcinoma of the colon is nearly 
always primary. Rarely it has been reported as secondary to a 
tumor higlier in the intestine, when direct implantation and not 
metastasis is probably the explanation. Rarely, also, multiple 
growths in the colon liave been reported. In the colon carcinoma 
metastasizes late and slowly to the liver and lymphatics, and tends 
to remain localized for a long time. Metastasis elsewhere is uncom- 
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mon, but may occur as shown in Case 3 below. Cases have been 
reported from early childhood to extreme old age. In general, 
rectal cancer tends to appear at a later age. In the colon, spread 
is by contiguity and by extension of an intrinsic tumor which thus 
tends to cause obstruction. Obstruction is rarely or never complete 
but commonly results in proximal dilatation and hypertrophy of 
the bowel and may cause intussusception or angulation. The rate 
of growth is characteristically slow. The favored site is in the sig- 
moid, and descending colon, followed by the ileocecal region and 
cecum, and then the hepatic and splenic flexures. 

In the rectum, Tuttle^ placed 67% at the rectosigmoid junction, 
26.3 % in the ampulla and 6.7 % in the anus. Epithelioma can occur 
only at the anal skin edge and only an involvement of skin tissue 
can lead to extension to the inguinal glands. Rectal growths tend 
to spread in all directions with circular extension common. Rectal 
cancer is some 8 times more common than colonic cancer. The 
great majority of cancers of the colon and rectum are adenocar- 
cinomas, which tend to metastasize less rapidly than other forms. 
Scirrhous carcinoma and lymphosarcoma are uncommon. Lympho- 
sarcoma is amenable to Roentgen ray treatment and Roentgen ray 
examination after a 2 weeks’ interval will show definite regression. 
t Clark,® in reviewing the distribution and complications of amebic 
lesions in 186 postmortem examinations performed by him, reports 
the following; “About 60% of the series possessed ulcers more or 
less all through the colon, while 40% had a local distribution in the 
more dependent parts of the colon and appendix. The local inci- 
dence for age and number of lesions can be placed in the following 
order of importance; the cecum and ascending colon, the rectum 
and sigmoid, and the appendix. The results are in conformity, 
more or less with the report of Kartulis except in regard to the 
appendix.” Clark states elsewhere that but 27 of the 186 cases 
had a known history of one or more previous attacks of amebiasis 
and these patients were under treatment for the disease. This 
shows a striking similarity in the sites of election in amebiasis and 
in cancer of the large bowel. 

Cancer is prone to follow simple tumors such as polyps and aden- 
omas of the colon and to develop at points of long-continued irrita- 
tion. Such points are afforded by long-standing ulcers, fistulas 
and constrictions. Chronic amebiasis affords an excellent back- 
ground, therefore, and cancer must be considered as a possible 
sequel. The exciting cause of the change froin clu-onic benign process 
to rapid malignant process is unknown and no method is available 
for diagnosing the imminence or the occurrence of this transition. 
Altered sedimentation rate and other blood changes are not helpful 
because of the close masking intei'inixture of secondary bacteria 
with the entire process, both in its benign and in its malignant 
phases. Also, the response to bacterial invasion overshadows the 
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body reaction to malignancy so far as the sedimentation rate is 
concerned. Cure of colonic and rectal cancer is exactly proportioned 
to earliness of diagnosis, permitting surgical removal in an operable 
stage, or Roentgen ray treatment in the case of lymphosarcoma. 
Obstructive symptoms usually, but not always, indieate inopera- 
bility (see Case 1 below). The patient's future thus depends on 
his early consultation with the phy.sician, when any part of the 
symptom-picture noted below arises, and very definitely depends 
on consideration, by the consultant, of the possibility of cancer. 
Furthermore, wlien cancer can be proved absent, care must be 
exercised to remove accessible benign growths, to correct so far as 
possible mechanical defects and to cure as quickly as possible 
specific dysenteries and amebiasis. The advisability of colon resec- 
tion as a preventive measure must be considered in cases of poly- 
posis especially Avhere the favored cancer areas are concerned. 

The symptoms of cancer of the colon may be summarized as 
follows: 

1. Pain. This may be merely a sense of discomfort and vague 
unrest with undue consciousness of the abdomen. Frank pain is 
extremely variable, may be absent until late, but, in our exj)ericnce, 
is usually fairly early and decidedly significant. It tends to be 
localized although not necessarily in the region or zone of the le.sion. 
It may be in the sacrum or anywhere in the abdomen. It may be of 
a burning cliaractcr, intermittent or constant, or ])criodic. It may 
beas.sociatcd with difficulty in securing free evacuation of the bowels. 
It may be due entirely to partial obstruction, which, in the descend- 
ing colon and sigmoid, may disappear completely, not to recur even 
for several months. Oijstructive pain may appear suddenly and 
acutely, with nausea and vomiting and the general picture of acute 
obstruction. 

2. Diarrhea is a common early symptom and, if repeated within 
an interval of a few months, or, if persistent or chronic, sliould liave 
an intensive study to eliminate cancer of the large intestine. !Mild 
diarrhea on first rising in the morning should be a cause for sus- 
picion. 

3. ConMipatinn and ohstijyalum arising anew must receive similar 
consideration. 

4. ihwius and blood in the stools invariably must receive an 
adequate explanation. If attended by painful and too frequent 
bowel movements, they constitute dysentery. If a specific cause, 
as, for instance, Emiamceba hisfolyltea, Bakiniidinm coli or Bacillm 
dysentcriw, is found and properly treated with no relief or only 
temporary relief of symptoms, further studies, including Roentgen 
ray, especially after barium enema, should be instituted promptly, 
and cancer should be diagnosed or consciously e.xcluded. 

5. Timor may be the first sign, especially in the cecal region. 
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6. Constitutional symi^toms of anemia, asthenia and loss of weight 
usually develop slowly, but in the 4 cases here reported, loss of 
weight was among the earliest symptoms noted. 

7. Persistent indigestion or changed bowel habit in a person pre- 
viously free of symptoms should excite suspicion. 

In general, obstruction is usually seen in the annular, more scir- 
rhous tj^e of cancer in the descending colon and sigmoid, while 
toxic and constitutional symptoms are prone to attend cecal cancer. 

Special Diagnostic Procedures. (In order of importance.) 1, 
Sigmoidoscopic examination should invariably be made but will 
not always be helpful, especially with cancer at or above the sigmoid 
flexure. If scirrhous cancer is present, there may be little or no 
change in the mucous membrane of the colon. Resistance to passage 
of the sigmoidoscope may be noted at or above 15 cm. 

2. Barium enema and Roentgen ray examination localize the 
tumor and show the extent of involvement. It is most important 
to have the patient empty the bowel of barium and retake the 
Roentgen ray as an aid in early diagnosis. 

3. Gross and microscopic fecal examination, for cellular, bac- 
terial, chemical and food elements. Exliaustive search for protozoa 
is imperative. 

4. Biopsy and study of histologic sections of masses found on 
sigmoidoscopic examination. 

Case Reports. Case 1. — (April 4, 1934.) Mrs. G. L. H., aged 49, 
■widow, for 15 years has traveled constantly in South America, Asia and the 
Far East. Her previous history was not significant. The present illness 
began in 1924 as generalized abdominal pain, flatulence and bloating. In 
1926 the condition was finally authoritatively diagnosed as amebiasis. At 
that time she received emetin and chiniofon. She has had frequent recur- 
rences and exacerbations up to now. The stools showed blood, mucus and 
pus most of the time. During exacerbations she was treated and reheved 
repeatedly by emetin and chiniofon. One year ago, the picture gradually 
changed ■with an increased severit 3 '^ and localization of the pains in die upper 
left abdomen. Dj^sentery continued. Amebas were found no more. Relief 
did not follow the use of emetin and chiniofon. The patient lost 18.1 kilos 
in weight, and felt herself losing in strength and general idgor. Six weeks 
ago anemia was noted for the first time. Three months ago while in the 
Orient she suffered an attack which was probably due to partial obstruction 
of the colon. 

Exammaiion showed considerable pallor and eiddence of wasting. There 
was tenderness under both costal margins, ■v\dth no ■\asceral enlargements. 
Varices of the legs were apparently of many years’ duration. The blood 
pressure was a low nonnal and the pulse rate increased, results of anemia, 
weakness, and probabb'^ long use of emetin. 

Labomtory Results. Urine, normal. Blood count: red cells 3,000,000; 
hgb. 9.7 gm.; white cells 18,920, ■ndth 79% neutrophils, 15% IjTnphocjdes; 
4 % monocjdes ; and 2 % eosinophils. Stools showed cysts of Endolimax nana 
and active trichomonads. Exhaustive search failed to reveal E. histolytica. 
Stool culture showed no gro^rth of non-lactose fermenters of either the 
tj'plioid or dj'senteiy groujis. Blood Wassermann and Kahn tests were 
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negative. Blood agglnlimlionn -were negative for B. dgmilcriw of all types,, 
tyjihoid and paratyphoids, brucella, and B. cnlcritidia. Blood sogar vas 
123 mg.; blood calcium 10.1 mg. per 100 cc, 

Roentgen ray examination with barium enema showed an initial .spasticit)' 
of the upper sigmoid region which inter filled out normaiiy. Tlic rising 

liarium column met with a fixed irregu- 
larity in the splenic flexure at a point 
corresponding with the painful point 
noted by the patient . Barium passed 
through this narrow ragged region, 
c.ausing the patient considerable dis- 
tress. The proximal colon had a normal 
appearance. Tlie Roentgen ray con- 
clusion was that the apjiearanco 
favored ncopLasm, but did not exclude 
an intrinsic lesion or granuloma of the 
bowel wall. 

Temperature, pulse and resihration 
arc seen on accom])anying chart. 

Diagoosis. 1 , lesion of .splenic flex- 
ure, probably carcinoma, possibly 
amebic granuloma; 2, secondary an- 
emia and malnutrition; 3. histoiy' of 
about 9 years of amebic colitis, ending 
within the past year. 

_ Subsequent Co\irsc. The patient was 
given 1 grain (0.005 gm.) of emotin 
hydrochloric! hypoclcrmically daily for 
a total of 5 grains (0.33 gm.). 'T))i.s 
was followed by cliiniofon wliicli, how- 
ever, c.ansccl .serious colie and diarrlica, 
and was s(oj)pecl after 10 closes. 
Vioform (0.5 gm. twice daily by mouth) 
was given to a total of 20 closes. It 
was felt that any amebic lesions would 
be controlled at least by this procedure, 
that a change in the Roentgen ray 
findings would be an indication of an 
amebic lesion ratiier than of malig- 
nanej’’, and tliat the risk of lajjarotomy 
would ire reduced by removal of the 
whole or a large part of the amebic 
hazard. The pain decreased. The 
patient .sliowed much weakness, witli 
a pulse of 90 and blood pressure of 
110/70. Tliere was no significant 
change in the blood count. After tlie 
termination of the anti-amebic treat- 
ment noted the barium enema was 
repeated 3 weeks subsequent to the 
first Roentgen ray examination. Tice 
conclusion was that the same lesion 
was present unchanged. A definite diagnosis of carcinoma of the splenic 

flexure was made at tills time. „ t i ^ e 4 i 

One week later laparotomy (Dr. H. Glenn Bell) revealed a tumor o tlie 
splenic flexure wit!) jio evidence of inct-ustnsis. The left; lobe of the liver 
ivas greatly enlarged zind hepntic ndhesions \vcic found, indicating old 
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extensive hepatitis. The spleen -was very small. The colonic mass was 
6 by 5 cm. in area, involved the wall of the colon and was characteristic of 
carcinoma. A lateral colon anastomosis was done, short-circuiting but 
not closing off the splenic flexure and tumor. The patient went tlirough 
a stormy convalescence protracted by a wound infection, and pneumonia 
of the left lower lobe. She finally left the hospital in fairly good condition, 
52 days after the operation. 

She was readmitted 15 days later for the second laparotomy and resec- 
tion. Her blood count was now hgb., 5.2 gm.; 2,520,000 red cells; 11,600 
white cells with 73 % neutrophils. The urine was normal. After transfusion, 
the tumor was resected bj'’ Dr. Bell. The hemoglobin dropped to 3.4 gm., 
5 transfusions followed, and a fecal fistula developed which closed after 
about 2 months. The tumor was removed by cautery. Again no evidence 
of metastasis could be found. The bowel was closed by end-to-end anas- 
tomosis. Convalescence was protracted and eventful, the patient finally 
being discharged in good clinical condition. She remained well for 9 months 
following removal of the tumor. The. pathologic diagnosis of the tumor by 
Dr. James F. Rinehart was adenocarcinoma of the large intestine. A 
thorough check-up 5? months after operation showed normal stool analysis 
with no amebas or other parasites except trichomonads. The blood count 
was hgb. 13.1 gm. and 3,840,000 red cells. The patient died suddenly 10 
months after operation from an apparent recurrence of the carcinoma at 
the splenic flexure, though autopsy was not obtained. 

Case 2.— E. F. B., aged 49, nddower, when first seen on March 10, 1933, 
complained of blood in the stools for 1^ years past. He had lost 52 pounds 
in that time. Bowels moved 3 to 4 times daily. Nausea and vomiting were 
absent. Looseness of the bowels had been noticed for some 4 years, with 
increasing pain and colic. His other complaints were increasing weakness 
and nervousness. 

His previous medical history was limited to excessive use of tobacco 
and considerable recurring dental infection. He was born in Nebraska, was 
never outside the U. S. A., and had lived in San Francisco for the past 32 
years. 

Examination showed a pale, lethargic man with evidence of wasting. 
The blood pressure was 90/58, with a pulse rate of 80. The abdomen was 
relaxed. The sigmoid was cordlike and tender, and a boggy cecum could 
be felt. The liver was somewhat enlarged and tender. 

Lahoratpnj Findings. Urine was normal. Blood count showed 80% 
neutrophils, 31% l 3 mphocytes, 3% mononuclears and 1% eosinophils; 
red cells 4,650,000. Stools exhibited much blood and mucus but no parasites 
were seen. Sigmoidoscopic examination showed a normal mucosa with some 
gray mucus high up which contained abimdant motile E. histolytica. Roent- 
gen ray examination b}^ barium enema was reported by Dr. I. S. Ingber as 
follows: “The colon fiUs no^nallJ^ There is no evidence of an organic 
lesion.” 

Diagnosis. Amebic colitis, with possible amebic hepatitis. H3T3oten- 
sion. 

Treatment consisted of 8 courses (5 gm. each) of carbarsone by mouth, 
1 course rectally, and 3 courses (5 gm. each) of vioform over a duration of 
9 months. There was e.xceUent clinical improvement with a weight gain 
to 168 pounds. Mter cessation of treatment, amebas were not found on 
related examinations and the patient was able to return to hard work. 

On August 7, 1934, 8 months after termination of treatment, he com- 
^ained of occasional colic and blood in the stools. No amebas were found. 
He was relieved of the colic by omitting coffee and tea. After 2 weeks, 
abdominal paiii became severe, especiallj’- in the hjiiogastrium and on the 
left side. The abdomen was excessive^' tender and a hard mass was pal- 
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jjablc (Icoj) in fhc lo^yer iefl (luiulnuii-, apparently nri.sinf^ in the sigmoid. 
.Sigmoidoscopic examination was negative. Ihirimn enema itoentgen ray 
showed an oljstnietion in the lower sigmoid, allowing tilling only of the 
rectal ampulla. The pre-operative diagnosis was ahsecss, amebic granu- 
loma, or new growth. 
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Fio. 2. — Case 2. Pro-operative cliart. 


Laparotomy was performed by Dr. Dudley Smith who found a mass the 
si7e of a large orange invohing the sigmoid colon, fixed, hard and insepa- 
rable Cecostomy and colostomy were done. Postoperative diagnosis 
was cancer of the sigmoid, inoperable. Ten months after operation, the 
jiatient was still relieved of obstructive symptoms but his general condition 
was failing. 
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Case 3.— J. B. F., male, aged 40, was first seen February 4, 1935. 
Present illness began 7 years ago in Los Angeles as a diarrhea with occa- 
sional blood in the stools. There was no pain and no fever. Endamcebm 
histolyticoe were found and have been present at various times up to 1 
month ago in spite of treatment. Therapy has been varied and nearly 
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Fig. 3. — Case 3. Pre-operative chart. 


constant, uicluding a gall-bladder drainage, emetin courses, acetarsone over 
a period of 2 years, chiniofon, autogenous vaccines, tannalbin, and finally 
^rbarsone. He has noted an intolerance for carboh 3 ’-drates which cause 
diarrnea with foamy stools. S 3 Tnptomatic temporar 3 ’’ relief always follows 
aammstraLon of ca^arsone. Barium enema Roentgen ra 3 ’^s by- Dr. L. T. 
btephens, Seattle, November 16, 1932, gave the following conclusions: 

VOU 191, XO. 2. — FEBRUARY, 193G 9 
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“Barium enters rectum normally, which is small and docs not, dilate. Bar- 
ium jias.sc.s u)) rapidly throuRh a tortuous narrow do.sccnding colon \\ith 
complete alrscuce of haustration. In the middle half of the descending 
colon on external surface arc a mimhcr of small j)rotid)eranccs. On tlie 
oppo.sitc .side over midporlion of ileum is a much larger jjrotubcrance. 
These jirotuberances suggest ulcers. Barium ]iassc.s rajiidly across trans- 
verse colon, ra])idly into cecum and small bowel. Ix)wer bowel is rcmarkalile 
for absence of haustration. No constricting bands were visualized in region 
of ileum or cecum. Conclusion: Spastic ulcerated colon." 

Pofsl Hislonj. The patient’s father died with chronic arthritis at 61 
years, and one brother now has chronic arthritis. 

The ])atient was born in Afanitoba, and since the age of 3 has lived on the 
Pacific Coast of the United States, with trips to New Orleans and Tia 
Juana. He had all the usual childhood diseases, and diphtheria at 15 with 
a history of cardiac involvement. When taking emetin, he has noticed 
mental slowing and weakness and p.ains in the lower extremities. I/itcly 
he has noticed dj’spnea on exertion, jwonounced weakness and had a fainting 
spell 1 week ago. He is abstemious in diet and h:d)its, uses no alcohol or 
tobacco, and cannot take coffee bcc.ause of its laxative effects. His weight 
has drojiped from a normal of 150 pounds to 136 ])ounds. 

KxdmiimUon showed moderate pallor, evident weakness and poor muscle 
tone. The heart was not enlarged, blood pre.«surc 110/70 (Tycos) with no 
munnur but a tendency to increa.^cd rate (SO to SS). 

Lahorniorij Fiiulingi^. Urine, normal. Blood count, moderate secondary 
anemia only. .Stoc/.s,. no amebas on repeated .search. A few Charcot- 
Lcyden crystals, many red blood cells, moderate mucus, many short- 
cl)aincd streidococci. Blond Wasscnnnnn and Knlin te.sts were negative. 
Blood calcium, 8 mg. per 100 ce. 

Elcclrocnrdiogrnin. Bate 63. Normal rhythm. Slightly slurred II in II 
and III, and of S in II and III. .8-7’ interval elevated in III. Suggests 
myocardial damage. 

Roentgen raj' examination of the abdomen by Dr. R. F. Kilo gave the fol- 
lowing summary: The colon is fairly well outlined, possiblj' due to previous 
medication, such as bismuth powders. No abnormality or distention of the 
bowel is noted. The liver is not enlarged and there is no evidence of a sub- 
diajihragmatic abscess. The right kidney shadow is well defined and the 
psoas shadow is normal, which would nilc out the iiossibilitj’ of an abscc.ss 
aliout the kidney. 

Barium enema shows a marked constricted area at the rectosigmoid 
junction which is apiiroximatelj' 4 inches in extent. The channel through 
tliis portion of the bowel is less than a cm. in diameter. Throughout the 
entire descending, transverse, ascending, cecum and terminal ileum, there 
is marked irregular filling with many areas suggesting ulceration. 

Conchiftions. Ulcerative colitis, which involves the entire colon and 
terminal ileum, constricting an area of sigmoid, suggesting an inflammatory 


mass. 

Diagnosis. Amebic colitis beginning 7 years previously, and eventually 
cured. Carcinoma of sigmoid AUth partial obstruction and probable 

Operation (Dr. I. W. Thorne, February IS) revealed an inoperable 
carcinoma of the sigmoid, Avith metastases in the mesentery of the small 
intestine. A permanent cecostoiny Avas done. Death ensued on March 31, 

1935. ’ . 

Nechopsy (Dr. Z. E. Bolin). Aualonitc Diagnoses. 1, Adenocarcinoma 
arising in the sigmoid colon Avith extension to the sigmoid mesentery, retro- 
peritoneal lymph nodes, first, third and fourth lumbar vertebra;; Anth 
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metastases to the peritoneum, diaphragm, both pleural ca^dties, pleura of 
both lungs, liver, gall bladder and pericardium; 2, bilateral pleural effusion, 
carcinomatous in origin, right 200, left 500; 3, pericardial effusion 100 cc.; 
4, marked emaciation; 5, dilatation of the heart with browm atrophj'';^ 6, 
chronic passive congestion of the viscera; 7, abscess right parietal region 
extending from the base of the skull to the clavicle, staphylococci and B. 
coli in origin; 8, cecostomy opening; 9, acute splenic tumor; 10, edema of 
lungs, slight; 11, generalized arteriosclerosis. 

Case 4.— B. A. B., male, aged 48, was &st seen April 3, 1933, complain- 
ing of loose bowel movements with blood in stools and loss of 23 pounds in 
weight during past year. The symptoms began with diarrhea and bleeding 
external hemorrhoids 3 years ago. For 2 years these were only symp- 
toms. During the past year, blood has been increasingly frequent in the 
stools, associated with much mucus and at times some colic. He has been 
passing about 10 to 14 loose stools each day. The hemorrhoids had dis- 
appeared. Lately he has had pain under and above the right costal margin. 

His mother died at 72 years of a stomach tumor. He was born in 
Nebraska and always lived in the States between Nebraska and Northern 
California. • He was a rancher until 12 years ago when he became a high 
school teacher. For years he had worn a truss over a right inguinal hernia. 
In 1921, “flu” with hemoptysis led to suspicion of phthisis which was 
never confirmed. He had had pleurisy at one time. 

Examination showed a thin abdomen with palpable, hard, fender sigmoid 
and descending colon. The cecum was thickened and hard. The liver 
edge was 4 finger breadths below the costal edge, smooth, and tender in the 
region of the gall bladder. There was no jaundice. The only other abnor- 
mal finding was inequality of the pupils. Sigmoidoscopic examination to a 
depth of 22 cm. showed an intensely congested mucosa with a few super- 
ficial ulcers high in the rectal ampulla. There was much adherent gray 
mucus. , 

Laboratonj Findings. Urine, normal. Wassermann and Kahn tests, 
negative. Phenolsidphonphthalein excretion, 35% in 2 hours. Blood 
count: Red cells 3,520,000; hgb. 13.2 gm.; wliite cells 6920; neutro- 
phils 64%, Ijmphocjdes 27%, mononuclears 4%, eosinopliils 2% and baso- 
phils 3 %. Stools showed motile E. histolytica with much blood and mucus. 

Diagnosis was made of amebiasis, hepatitis (possibly amebic), amebic 
colitis and secondary anemia. 

Treatment for the amebiasis consisted of carbarsone (10 gm.) and vio- 
form (7.5 gm.) for 1 month with dietary control, vitamin B and bismuth 
subcarbonate. S^ptoms improved, the liver pain disappeared and he 
gained 8 pounds in weight. Amebas were not found again on repeated 
search. The liver retreated mthin 2 finger breadths of the costal edge. 

Further Course. Improvement was temporal and in spite of the absence 
of amebas, diarrhea easil 3 ’^ recurred, at times with some blood. In an effort 
to insure that amebiasis was not responsible further for the condition, 
emetin h5'drochlorid was given- hypodermically; 1 grain (0.065 gm.) daily 
for 5 da 3 ’^s. No change in S 3 miptoms followed. Roentgen ray of the colon 
path barium enema on Aprfi 27 showed marked spasm of the lower descend- 
ing colon and sigmoid which was reported as irregular in character and 
ha^mlg the characteristics of infiammator 3 ' induration rather than of 
neoplasm. 

Examination showed apparent improvement in the abdominal condition. 
The colon was not palpable nor tender. The liver descended 2 finger 
breadths onl 3 ", ivas smooth, firm and not tender. No jaundice was present. 
There was some edema of the legs. S 3 'mptomatic colonic treatment with 
bed rest gave clinical improvement. On Ma 3 ' 29, abdominal pain, nausea 
and water 3 ' diarrhea apjieared, followed b 3 ' sudden severe pain over the 
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liver area. The •while cell count rose to 15,520. There ^vas no fever. 
•RoentKcn ray studies shoved normal lung fields and heart contour, with a 
limited mobilit}’- of right diaphrajma and marked enlargement of liver. 
There vas no definite evidence of liver ahscc.«s. Improvement again took 
place. On recurrence of .sjnnptom.s 2 veeks later, ga.stro-intcstiiial Roentgen 



Fio. 4. — Case 4. Pre-oj>orativc chart. 


rays by Dr. R. F. Kle gave the folloAving reading; "Lung fields are clear. 
Heart shadow not enlarged. Spastic antrum and deformed bulb seemed 
rather characteristic of gall-bladder disease. The irregular filling of the 
rectal ampulla and sigmoid, while rather extensive, has the characteristics 
of a new growth.” Laparotomy by Dr. Alanson Weeks showed a fixed 
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tumor of the sigmoid, 2^ inches across, and nmnerous hard, irregular masses' 
in the substance of the liver. Sigmoidostomy was done to relieve obstruc- 
tion. 

Diagnosis. Carcinoma of sigmoid 'with metastases to liver. Inoperable. 
The patient died 6 months later, ■without necropsy. 

SuMMABY OP Cases. 


Case, j 

K 

1 

Duration 

of 

Amebiasis. 

Residence. 

Previous anti-amcbic treat- 
ment. 

1 

G. L. H. 

CO 

10 yrs. 

U. S., Europe, Far 

La'fcG “f" Ernctin 





East 

poisoning. 

2 

E. F. B. 

M., 49 

4 yrs. 

Neb. and Calif. 

None, undiagnosed. 

3 

J. B. F. 

M., 40 

7 yrs. 

Pac. Coast, U. S, 

Early -| — h H — f- Emetin: 





1 

poisoning. 

4 

B. A. B. 

M., 48 

3 yrs. 

N. AVest, U. S. 

None, undiagnosed. 


Discussion. In all cases, the araebas were finally eradicated, but 
symptoms persisted, recurred or were intensified. In Cases 2 and 4, 
amebiasis had been unsuspected and untreated. In Case 1, ame- 
biasis was discovered late and overtreated, resulting in emetin 
poisoning. The same result followed overtreatment early of Case 3.. 
These 2 cases probably belong in the residual 5 % of amebiasis whichi 
are resistant, require adjuvant surgical treatment or even for prac- 
tical purposes are incurable. 

All cases of chronic amebiasis with present or recurring dysenterjr 
or diarrhea should have Roentgen ray examination including barium; 
enema, in order to determine early, if possible, the extent of amebic; 
damage to the bowel and', more important, to ascertain evidence of 
malignancy. Certainl}' one should weigh the amebic factor and! 
the patient’s response to this infection against possible carcinoma: 
superimposed upon an amebic colitis. 

A careful review of such cases as No. 3 above shows the easy^ 
development of non-amebic ulcerative colitis and raises certain, 
questions of clinical importance. Is there some predisposing factor- 
which facilitates the de-^^elopment of chronic ulcerative colitis and 
cancer, as a sequel and complication of amebiasis? Do \'itamin G 
and the intrinsic gastric hormone play a part in this predisposition ? 
Is there a relationship here to the frequently noted importance of 
high \atamin diet in the treatment of amebiasis^” ? Does the course 
of the disease and the eventual occurrence of malignancy, or the 
obscure chronic increasing lesions of amebiasis depend on or have 
relation to, deficiency of ^^tamin G, or vitamin B ? Do these same 
factors have any bearing on the sequential relation of cancer to 
amebiasis? The answers to these questions must include due con- 
sideration of the at present unexplained variations in the course 
of the disease produced by E. histolytica, variable relations between 
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ameba and its bacterial camp follmvers, and especially on the factors 
that make up normal resistance of the healthy colon. 

Cancer may follow amebiasis by at least two known pathologic 
methods. (1) Chronic irritation may arise from the amebic lesion 
or its products, or from reactive or adventitious tissue secondary 
to the amebic lesion. Such irritation would be most marked at the 
sites of election for amebic colonization which, as has been noted, 
coincide with the favorite cancer areas. This does not mean that 
the amebic lesion is entirely responsible for such irritation inasmuch 
as the cancer areas are the same in non-amebic cases. It may well 
mean that the amebic lesions, in the presence of poorly understood 
predispositions, increase the facility of cancerous transition. (2) 
The ease with which polj^poid and adenomatous growths follow 
amebic lesions in the colon and rectum, oft’ers a definite added hazard 
because of the Imown ease with which such benign groudhs undergo 
cancerous change. 

Summary. Four cases of amebiasis are presented, in which car- 
cinoma of the colon followed and accompanied the amebic infection. 
The coincident sites of election and an overlapping of s\nnptoms 
often make the differential diagnosis difficult. In at least two ways, 
amebic lesions may institute changes leading to cancer: by clironic 
irritation and by production of benign adenomas and poh’ps which 
easily become cancerous. A problem needing solution relates to 
possible predisposing factors which may favor development of cancer 
in cases of amebiasis. 

REFERENCES. 

1. Trousseau’s Clinical Medicine, Trans, by Corinack, Ed. of 1S6S, London, 1S"1, 
New Sydenham Society, IV, 1S2. 

2. Desjardins, M. A.; Les pseudo-cancers coliquos d'Origine Aniibicnne, Bull, 
et m6m. Soc. de cliir. dc Paris, 2i, 443, 1929. 

3. Gunn, H., and Howard, N. J.; Amebic Granulomas of the Largo Bowel, 
J. Am. Med. Assn., 97, 166, 1931. 

4. Rogers, L.: Recent Advances in Tropical Medicine, 2d. od., 192S, Philadel- 
phia, Blakiston & Sons Co., p. 251. 

5. Hines, L. E.; A Perm of Polypoid Colitis, a Late Stage of Amebic Dvsontery, 
J. Am. Med. Assn., 81, 12, 1923. 

6. Kaufmarm, E.; Spozielle pathologische Anatomic, 1, 512, 1911, Berlin, Walter 
de Gruyter & Co. 

7. Tuttle, J. P.; Diseases of .4.008, Rectum and Pohde Colon, 2d od., p. 762, 
1907, New York, D. Appleton & Co. 

8. Clark, H. C.: 'The Distribution and Complications of ;\mcbic Lesions Found 
in 186 Postmortem Examinations, -Am. J. Trop. Med., 5, 157, 1925. 

9. Anderson, H. H., and Reed, A. C.: -Amcbophobic Hazards (to be published). 

10. Reed, A. C.: The Treatment of Amebiasis, J. .Am. Med. Assn., 103, 1224, 

1934. 



page: nephritis in dogs by roentgen rays 


251 


PRODUCTION OP NEPHRITIS IN DOGS BY ROENTGEN RAYS. 

By Irvine H. Page, M.D., 

ASSOCIATE IN MEDICINE, EOCKEFELDBH INSTITETB, NEW YORK CITY. 

(From the Hospital of the Rockefeller Institute for Medical Research.) 

Irritation of kidneys by means of Roentgen rays to produce neph- 
ritis is a procedure which has been employed by a number of investi- 
gators.i-* The manner in which it has been applied has varied, hlost 
workers’"'^ have exposed the kidneys by surgical operation and irra- 
diated them directly with medium wave length Roentgen rays. The 
disadvantage of this method is that treatment is usually limited to 
one dose and is a very drastic one. Others® have exposed them to 
high voltage Roentgen rays applied through the abdominal wall. In 
this manner infection of the kidneys is avoided, but irradiation is 
not limited to them. We have employed the method of Page,® in 
which the kidneys are transplanted to a position directly beneath 
the skin of the loin. After healing occurred the organs were irradi- 
ated with relatively small, repeated doses of Roentgen rays. This 
method has the advantage that the severity of injury may be more 
precisely regulated and irradiation limited to the kidneys. Simul- 
taneous with the operation of renal transplantation, the carotid 
artery was sewn within a flap of skin of the neck (van Leersum 
method), enabling one to measure arterial blood pressure. 

Method. Medium sized dogs (12 to 20 kg.) were anesthetized with 
amytal (isoaraylethyl barbituric acid 65 mg. per kg. body weight). About 2 
inches of the common carotid arte^ was separated from the surrounding 
tissues and sei\m within a flap of skin. The wound beneath the loop was 
closed with catgut (No. 1). Collodion was poured on the wound edges 
and a dry cotton dressing applied. A kidney was then exposed through 
a lumbar incision and separated from perirenal fat without entering the 
peritoneal cavity. A pocket was made in the subcutaneous tissue, the 
kidney placed within it and the muscle layers closed beneath it with No. 1 
chromic catgut. Ample space was allowed for the renal pedicle. The 
sldn was then sutured over the kidnej\ This procedure was repeated on 
the opposite kidney. Healing of the wounds occurred usuaUj”^ by primarj’- 
intention ivith 14 days. In some dogs one kidney was removed and the 
other transplanted. The renal pedicle was stripped of nerves in other dogs 
as described by Page.® 

After a control period of about 3 weeks, during which blood pressure 
measurements and chenucal examinations of the blood and urine were made, 
the dogs were anesthetized vdth amj^al and each kidnej’^ irradiated. The 
irradiation was performed by Miss Christine MacDonald, as follows: 
The hair over the kidneys ivas shaved and they were carefullj' blocked off 
urth sheets of lead. Tv'd erj^hema doses were applied to each kidney, 26 
minutes being required for each dose. A 130 kilovolt peak, 5 milliamperes, 
3 mm. aluminum filter at 30 cm. distance, was employed. Most of the 
animals received from 5 to 7 erj^hema doses upon each kidney during 
a period of from 6 to 21 weeks. 

Blood urea was ascertained by the gasometric hypobromite method of 
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Van Slyke and Kugel,'“ hemoglobin by the oxygen combining cajiacity of 
Van Slyke and Neill," plasma proteins liy Howe’s method,'- and plasma 
lipids by the gasometric method of ICirk, Page and Van Slyke.'^ Sainjilcs 
of blood were taken from the femoral artery after 24 hours fasting, lint 
with liberal allowance of water. Heparin was used as anticoagulant. The 
dogs were fed the usual laboratory diet consisting of gi-ound meat, bone 
and dog biscuits, throughout the experiment. 

Res^dts. Recovery from the operations of renal transplantation 
and preparation of the carotid loop was uneventful. Measurements 
of blood pressure, taken usually every 2 days for periods of about 
3 weeks, showed marked variations in dill'erent animals, some 
being as high as 196 mm. of mereury. The pressure of individual 
animals seldom altered more than 40 mm. The average ranged from 
120 to 170 mm. After each dose of Roentgen rays the dogs lost 
their appetite for a day or two but soon regained it. Their health 
became poor following administrations of from 4 to G erythema 
doses to each kidney. Loss of weight, loss of appetite and weakness 
were the most obvious signs. The urine contained ]3rotein, casts, 
and occasionally red blood cells. The irradiated kidneys beeame 
progressively smaller until, in some cases, they were not larger than 
a large vTilnut. The terminal stage was ushered in by vomiting, 
oliguria, blood in the feces and complete loss of appetite. During 
the last few days the dogs would not even take water. Muscular 
twitching was often observed. Breathing often became similar 
to that observed during acidosis. In one animal in which the serum 
COo was measured one day before death, it was found to be 10.99 
millimoles per liter. Some of the animals became comatose while 
others were conscious until within a few hours of death. During 
the stage of uremia, arterial blood pressure fell to 60 mm. or lower. 

Autopsy showed that the kidneys were markedly shrunken, and 
in rare cases the capsule stripped with difficulty, leaving a scarred 
surface. The cortex was thinned and glomeruli could be seen. 
Some areas were almost completely obliterated by scar tissue. A 
description of the microscopic findings will not be presented, as it 
has already been done by Hartmann, Bollinger and Doub," and 
more extensively by Earlam and Bollinger.®’^ Dr. C. P. Rhoads 
states that the most characteristic lesion observed by him in sec- 
tions of the kidneys of our dogs Avas hyalin necrosis of Henle’s 
loops and proliferation of new epithelium. There was an increase 
in interstitial connective tissue apparently due to occlusion of the 
terminal bloodvessels. There was also a suggestion of proliferation 
of the nuclei of the glomerular capillaries with edema and thickening 
of the capillary Avail. D'r. Rhoads has prepared a photograph Avhich 
illustrates in a general way the lesions produced in our dogs. 

Arterial blood pressure became somewhat elcA^ated after irradia- 
tion in 5 of 7 dogs in which it Avas measured, proAuded the dogs 
were not approaching the terminal stage (Table 1). 



Table 1.— Constituents in 100 cc. or Blood rnoii Fasting Dogs Whose Kidneys were Treated with 
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Low value probably duo to blood loss during operation. 
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Observations on some chemical changes in the blood were made 
(Table 1). Hemoglobin was increased somewhat, especially during 
the terminal stage. Probably this Avas due to hemoconcentration, 
since the plasma proteins also rose (Dog 51). Nephvitis produced 
by Roentgen rays differs sharply in this manner from Bright’s dis- 
ease in human beings, for in the latter anemia is one of the most 
characteristic signs. 



Fig. 1. — Section of dog’s kidney treated with Roentgen rays showing interstitial 
sclerosis, avascular glomeruli with nuclear proliferation, cell rests representing 
tubules which have atrophied, and perivascular sclerosis. 


The urea nitrogen rose in all the animals, especially during the 
terminal few weeks. In one (No. 11) it reached the very high 
value of 302 mg.%. 

The behavior of the plasma lipids was similar to that observed 
in patients suffering from the terminal stage of chronic hemorrhagic 
Bright’s disease found by Page, Kirk and Van Slyke.^^ 

Except in those dogs where marked hemoconcentration had 
occurred, the total lipids, total ester and free cholesterol and lipid 
phosphorus did not differ from normal dogs on the same diet. 
Where marked concentration of the blood occurred (Nos. 7 and 11) 
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total lipid, total free and ester cholesterol, and lipid amino nitrogen 
■were moderately elevated. Just as in human lilood, as observed 
by Van Slyke, Page, Kirk and Farr,^^ dogs’ blood contained a sub- 
stance (or substances) which is soluble in petroleum ether, contain- 
ing amino groups in greater proportion to phosphorus than the 
1 to 1 ratio present in cephalin. 

The total lipid nitrogen rose markedly, but not parallel with the 
rise in urea nitrogen. For example, one analysis showed urea nitro- 
gen to be 72 mg. %, and lipid nitrogen 60 mg. %, while another 
showed urea nitrogen 150 mg. %, and lipid nitrogen 54 mg. %. 
Lipid nitrogen evidently rises progressively during the course of 
renal insufficiency produced by Roentgen rays independently of 
urea nitrogen. 

Summary. Chronic injury localized to the kidneys of dogs has 
been accomplished by transplanting the kidneys to the flank be- 
neath the skin, and, after healing, irradiating them with Roentgen 
rays. The tissues lateral to the kidneys were protected by lead 
plates. Repeated doses of Roentgen rays have been given in order 
to secure chronic, progressive lesions. These lesions have been 
described adequately by others,®"^ and consist largely, as we can 
confirm, of tubular damage with usually less extensive glomerular 
changes. Nephritis produced in this manner leads to death in the 
course of a few months, with sjTnptoms typical of renal failure. 

The following changes in the chemical composition of the blood 
have been noted: Slowly progressive but independent rise in urea 
• nitrogen and total lipid nitrogen, and maintenance of total lipids, 
total, free and ester cholesterol, lipid amino nitrogen and lipid phos- 
phorus, within limits normal for dogs on the same diet. These data 
closely resemble those found by Page, Kirk and Van Slyke^^ to be 
typical of the terminal stage (urea clearance less than 20 % of normal) 
of hemorrhagic Bright’s disease in man. They differ in that hemo- 
concentration occurred in the dogs with a corresponding increase 
in plasma proteins, hemoglobin and, to a less marked degree, the 
plasma lipids. They differ further in that anemia, which is regularly 
observed in hmnan nephritis, did not occur in the dogs with Roent- 
gen ray nephritis. 

Just as in human blood, dog’s blood contains substances, soluble 
in petroleum ether, containing amino groups in greater proportions 
in phosphorus than the 1 to 1 ratio present in cephalin. 
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CREATINUKIA IN ADULT MALES.* 

By F. H. L. Taylor, Pii.D., 

THOENDIKE MEMORIA.L LA-BOEA-TOEY, BOSTON CITY HOSPITAI*; EESEAECH 
FEIiLOW IN MEDICINE, HARVARD MEDICAL SCHOOL, 

AND 

W. B. Chew, M.D., 

ASSISTANT RESIDENT PHYSICIAN, THORNPIKE MEMORIAL L.MJORATORY, DOSTON CITY 
hospital; RESEARCH FELLOW IN MEDICINE, HARV.VRD MEDICAL SCHOOL, 

DOSTON, MASS. 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard) of the Boston City Hospital, and the Department of Medicine, 
Harvard Medical School.) 

• The presence of creatin in the urine of children in the prepubferty 
period and of normal adult women has been a generally accepted 
fact. Its occurrence in the urine of normal adult males has not been 
so- accepted. Folin and Dennis^ reported its occurrence in the urine 
of a 17-year-old boy. Rose- and Harding and Gaebler^ regard 15 
to 16 years as the limiting age at which creatin fails to be normally 
excreted in the urine of males. 

* The expenses of this investigation were defrayed in part by a gift from Smith, 
Kline & French Laboratories, of Philadelphia, to the Harvard Medical School. 
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In the course of investigations on the partition of the nitrogenous 
constituents of urine, during the past 3 years, the presence of creatin 
as determined by difference between preformed and total creatinin 
was found in the urine of both normal subjects and hospital patients, 
including a large number of adult males. 

Our interest was further stimulated by the interesting papers of 
Light and Warren, “ who report the occurrence of creatin in the 
urine of 35 out of a total of 81 boys between the ages of 14 and 19. 
These authors present data to show a diminishing incidence with 
age. The amount of creatin found ip the 24-hour samples varied 
from 15 to 229 mg. 

These observations of Light and Warren, together with our own 
experience led to a study of creatinuria in a group of somewhat 
older normal male subjects. 

Experimental. Ten male medical students between the ages of 20 and 
24, and 5 adult male members of the laboratory staff, were studied. All 
subjects were forbidden any immual exercise but were allowed to carry 
on the daily routine in their usual way. No restrictions as to diet were 
made. A record of the diet was kept and in no instance was it at all unusual. 
All subjects were free from low-grade infections or diseases which might 
occasion an increased temperature or basal metabolic rate. No history of 
nephritis, cardiac disease, or muscular abnormality was present. The 
24-hour urine specimen was collected over the usual preservative used in 
this laboratory of 10 ml. acetic acid and 5 ml. chloroform. Blank control 
experiments were run on reagents and preservative, and in later studies 
toluene and chloroform were substituted for the acetic acid-chloroform 
preservative to rule out any possible interference from this source. 

Analyses for both preformed and total creatinin were made in duplicate 
on each urme by the method of Folin.® Both the methods of autoclaving 
and of boiling were used for the determination of total creatinin. Results 
by both the latter procedures checked consistently within the experimental 
errors of the two methods, viz., approximately 10 mg. for the 24^hour sample. 
The results by boiling were always somewhat lower than those obtained 
by autoclaving. 


From the results obtained (Table 1) it would appear that amounts 



Table 

1. — Creatinuria in 

Normal 

Males, 

Preformed 


Subject. 

Age. 

Weight, 

Height, 

Total 

creatinin 

Creatin 

lbs. 

in. 

nitrogen. 

^ nitrogen.* 

nitrogen. 

T. T. H. . . 

. 20- 

175 

69.5 

19.30 

0.725 

0.018 

E. H. . . . 

. 21 

- 148 

69.0 

16.08 

0.609 

0.091 

L. G. . . . 

. 22 

175 

70.0 

17.85 

0,830 

0.000 

J. T. H. . . 

22 

170 

73.0 

15.45 

0.750 

0,071 

H. P. P. . . 

. 22 

140 

70.0 

13.10 

0,004 

0.048 

A - 

. 22 

146 

70.5 

13.58 

0.045 

0.043 

H 

. 22 

170 

68.0 

12.92 

0.000 

0.122 

H. W. . . 

22 

140 

70.0 

16.35 

0.491 

0.010 

C. N. . . . 

. 23 

ISO 

70.0 

14.48 

0.519 

0.028 

J. P. . 

. 23 

155 

75.0 

15.45 

0.748 

0.025 

T. H. H. . . 

. 29 

105 

72.0 

12.08 

0.702 

0.005 

E. r. . . . 

. 29 

105 

71.5 

13.08 

0.095 

0.057 

W. B. C. . . 

. 33 

134 

08.0 

10.90 

0.512 

o.a}2 

J. 

. 30 

120 

65.0 

11.28 

0.531 

0.058 

1’. H. L. T. . . .34 

^ All values expressed 

120 CS.O 10 07 

as gm. excreted in 24 hours. 

0.511 

0.091 
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of creatin varying between 10 and 100 mg. in 24 iiours are present 
in the urines of most of the normal males in the gi-oup of IG subjects 
studied. Variations in the amoimts excreted hy the group of the 
third decade are much wider .than those of the fourth. 

Data obtained on 3 patients, who Avere confined to bed at the tirne 
these observations were made, are given in Table 2. The same 


Patient 

Table 2.— 

Diagnosis. * 

-Cbe.atinuria in Patients Above 

Sex, ^ Date. 1 Remarks. 

i i 

35 Yeabs of Agi 

Total 

nUrnlfir, crcatioin 
niUoRcii. 
gm.* 

Creatin 

nitrogen, 

gin.* 

D 

Leukemia 

Female 

3/1.1/33 , Elevated B.M.R. 

11.00 

• 

0.299 





3/20/33 ' 

10.. 30 

0.312 





3/22/33 i 

9.22 

0,297 

QBI 

W 

Obesity 

Male 

5/31/33 ' Standardized dia- 

S,93 

0.455 

0.009 




0/ 2/33 betic diet. Lim- 

11.55 

0.570 

0.000 




0/ 3/33 ; ited exercise. 

15.30 

0.040 

0.028 




6/ 5/33 

13.40 

0.567 

0.038 




0/ 9/33 

12.19 

0.514 

0.011 

s 

Addison’s 

Female 

5/20/33 . . 


0.320 

0.092 


disease 


5/21/.33 . . . 

.... 

0.284 

0.032 


1 


5/23/33 

— 

0.290 

0.045 




5/20/33 1 


0.289 

0.028 


1 

1 


6/24/33 ' 


0..304 

0.000 


1 


0/25/33 1 

.... 

0.318 

0.058 


, 


6/20/33 

.... 

0.294 

0.055 


* All values expressed in gm. excreted in 24 hours. 


precautions and technique were followed in every instance. It 
will be observed that the A^alues for urine creatin nitrogen in the 
case of 2 female subjects are of the same order of magnitude as those 
found for normal males. It is of interest, also, that marked varia- 
tions occur in the output of creatin from day to day. It is probable 
that, in subjects in whom no creatinuria is found, serial analyses 
would show the presence of this substance in variable amounts. 
Variations in the creatin nitrogen values of the 3 patients occurred 
during the time that they were confined to bed. It seems quite 
possible that had Light and Warren followed their subjects while 
confined to bed for a longer period of time they would have encoun- 
tered considerable fluctuations in the amount of creatin excreted in 
the urine. 

Table 3 shows the daily excretion of creatin in a normal male 
adult of 33 years at frequent intervals. The diet was uncontrolled 
except for the addition of a constant amount of nucleoprotein for 
other experimental purposes. The nucleoprotein used was repurified 
A’east nucleic acid which is not known to cause an increase of exog- 
enous creatin. It is sufficient to remark here that the excretion of 
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other nitrogenous substances was essentially such as would be 
expected from the regimen used. It is particularly interesting to 
note that on November 18 and 19, while the subject was immobilized 
in bed following a fracture, the creatin excretion in the urine was 
markedly diminished. Eighteen days later, 5 days after resumption 
of usual activity, the creatin in the urine was still 2 to 3 times as ■ 
great as that usually found in this subject. 

AVliile the preformed' creatinin remained essentially constant, 
extreme variations occurred in the urine creatin. On one occasion 
an increase was probably due to extreme muscular activity. How- 
ever, other variations from 48 to 190 mg. in 24 hours could not be 
accounted for on this basis. 

With the expectation that variations in the food intake might 
account for some of the unexplained increase in creatin, an experi- 
ment was devised to study the creatin output while on a miniinum 
nitrogen intake. Two normal male subjects were chosen (F. H. L. T. 
and W. B.C.). One who engaged in no great muscular activity 
and one who normally took considerable exercise and who carried on 
his usual activities during the experiment. After a preliminary 
control period of unrestricted hospital diet both subjects were placed 
on the same experimental diet. The diet provided approximately 
2800 calories chiefly in the form of carbohydrate and fat, the protein 
being restricted to from 2 to 3 gm. a day. The fat was in the form 
of olive oil and butter. The protein was derived from an ounce of 
cream and a teaspoonful of potatoes daily. The chief source of 
carbohydrate was orange juice saturated with cane sugar. Fresh 
greens, vinegar, salt and so forth, were permitted as desired. 

The urines were collected in the way described above. A parti- 
tion of the urine nitrogen constituents was made (Table 4). It 
will be noticed that the preformed creatinin remained essentially 
the same, although the urea and total nitrogen fell to the minimum 
limits. During the last 4 days the urine creatin reached a constant 
figure in both subjects. 

It is noteworthv that the urine creatinin in the second subject 
(W. B. C.) rose slightly during the restricted protein period. On 
February 11, 1934, this patient spent a day skiing. The low volume 
of urine on this day was due to excessive perspiration. An increase 
in creatin followed and was still present 2 days later. 

In the case of the first subject there was a slight diminution of 
the creatin over the 15-day experimental period. In general in this 
experiment there seems to be a relative independence of the basal 
amount of creatin in the urine to the protein intake. It must l^e 
remembered, of course, that both of these sulijects were receiving 
sufficient protein to protect the body proteins. 

Discussion. It appears from the foregoing protocols tliat creatin 
may appear in the urine of normal adult males in detectable amounts. 
IWiile it is true that in some cases the amount of creatin present is 
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but 10% of the total creatinin, it will be observed that the difference 
is always positive, and two methods for determination have been 
used. The amount of creatin so found varies markedly from day 
to day. In many male patients under observation the creatin in the 
urine fluctuates from zero to 100 mg. per 24 hours. This finding 
may account for the fact that creatin determinations on a single 
24-hour specimen may give negative results. In one individual 
whose urine has been analyzed at frequent intervals over the past 
5 years creatin has been found in varying amounts. The latest 
data on this subject (Table 3) show amounts varying between 50 
and 175 mg. in 24 hours, with only slight changes in the creatinin 
during normal activity. It is of some interest to note that this 
subject showed a much diminished creatin after confinement to 
bed for 10 days. The excretion of creatin was much increased after 
limited floor privileges were restored, and was still elevated 18 days 
later. This is not always the case, however, l^ecause many patients, 
both male and female, who have been hospitalized with complete 
bed rest for weeks do not always show progressive decrease of 
creatinuria, although they may show some increase after discharge. 
Patient W. (Table 2), however, showed such progressive decrease in 
creatin in the urine during the few days of complete bed rest. 

Experimental work on children and dogs'"’-'^'®'®-'® has shown in- 
creases in the urinary creatin Avith increased protein intake. In 
an attempt to discover whether the creatinuria in the 2 adult male 
subjects studied was due to exogenous creatin, a restricted protein 
diet was used with the results given above. The two points of inter- 
est in the experiments were that both suljjects maintained a creat- 
inuria, although the total nitrogen output was reduced to minimum 
limits and that in 1 patient following exercise a somewhat elevated 
output was found. These data are confirmatory also of the endog- 
enous nature of creatinin and creatin and to some extent indicate 
their relationship to health and muscular activity 

Thus the data presented indicate that creatin occurs in small 
amounts in the urines of some adult males, either continuously or 
occasionally. There is some evidence confirmatory of the findings 
of Light and Warren^ that at least some portion of the creatinuria 
may be due to changes in the degree of muscular activity or the 
performance of unusual muscular work. The amounts of creatin 
usually found are within the ranges found by these authors. The 
incidence of creatinuria in normal adult males Avas not determined 
as the series was too small. That it did occur in such a high per- 
centage of the indiAo'duals studied may be chance. It should be 
pointed out, however, that the Amriations of creatin in the urine of 
a given indiAudual are so marked that more than one determination 
should be made before reporting the complete absence of this 
substance. 
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Summary. 1. Creatin has been found in the urine of 15 adult 
males in amounts varying between 0 and 196 mg. of creatin nitro- 
gen per 24 hours. 

2. This amount of creatin was not materially changed by marked 
restriction of the protein intake. 

3. Some data are presented suggesting that unusual muscular 
activity or sudden change in muscular activity may result in an 
increase of the creatin excreted. 
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THE FILTERABLE CALCIUM OF BLOOD SERUM. 

I. A Comparison op Filterable Calcium of Serum and Total 
Calcium of Cerebrospinal Fluid in Normal, Hyperpara- 
thyroid, AND HYPOPARATHYROH) STATES. 

By Raymond Gregory, Ph.D., M.D., 

INSTRUCTOR IN MEDICINE, STATE UNIVERSITY OF IOWA, 

AND 

J\'L\rie Anderscii, Ph.D., 

HESE.VncH ASSIST.VXT IX MEDICINE, STATE UNIVEHSITY OF IOWA, IOWA CITY. 
(From the Department of Internal Medicine.) 

Roxa and Takahashi^ showed that part of the serum calcium is 
diliusible and part non-dift'usible. Numerous investigators have 
confirmed and extended these observations, and, as a result, normal 
values for a number of species, including man, have been established. 
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Cameron and Moorhousei® suggested that spinal fluid calcium 
'represents the filterable calcium of plasma. This theory was based 
on the assumption that the capillary wall and the endothelial mem- 
brane of the choroid plexus form a more nearly ]Derfect semiper- 
meable membrane than any artificial one. Merritt and Bauer"’^- 
also supported this point of view, and Cantarowd'*’^^'^^ apparently 
satisfied that it is correct, has reported spinal fluid calcium values 
as filterable calcium of serum in a variety of pathologic conditions. 

It is true that most comparative studies of serum and spinal fluid 
calcium have demonstrated that the filterable calcium of the former 
very closely approximates the total calcium of the latter, but in 
certain instances the differences haA^e been too large to be accounted 
for by experimental error.^® 

Only 4 cases of hj^Derparathyroidism in Avhich obser\'ations on 
the filterable calcium had been made could be found in the literature. 
Snelh’ reported one determination of the total and filterable serum 
calcium in a case of hj^ierparathyroidism. The filterable calcium 
percentage of the total was ndthin normal limits, and the amount of 
filterable calcium (6.1 mg. %) Avas less than that in one of the con- 
trols (6.3 mg.%). Benjamin and Hess,*® who introduced the con- 
cept that the serum calcium exists in four fractions, two diffusible 
and two non-diffusible, reported studies on one case of hj^jerpara- 
thyroidism. The sum of their “filterable” and “ionized” fraetions, 
AA'hich is equivalent to the diffusible or filterable fraetions of other 
authors, AA^as found to be increased. Herbert*® has studied the total 
and diffusible serum calcium in 2 cases of undoubted hjqperpara- 
thyroidism. Her studies of diffusible serum calcium were made at 
long interA'^als, and in each case there AA^as but one comparison of 
the cerebrospinal fluid calcium and the diffusible serum calcium. 
In both cases there Avas an increase in the filterable serum calcium, 
and the spinal fluid calcium, although slightly elevated, AA^as sig- 
nificantly less than the filterable serum calcium. Taa'o determina- 
tions of the spinal fluid calcium on the same patient, made at an 
interval of 6 AA'^eeks, both of which gave the same result, suggests 
that time is not the factor responsible for the difference between the 
A^alues for diffusible serum calcium and spinal fluid calcium. Her- 
bert’s 2 cases of osteitis fibrosa, in AAdiich the serum calcium and 
inorganic phosphorus A’^alues AA'^ere normal, do not conform to the 
commonly accepted diagnostic criteria of hjqDerparathyroidism. 

Very few comparative studies of the spinal fluid calcium and 
filterable serum calcium in cases of hyperparathyroidism and hypo- 
parathyroidism haA^e been reported, and in only 1 case of hjqjer- 
parathyroidism (Herbert) have repeated determinations been made. 
For these reasons, daily simultaneous determinations of total and 
filterable serum calcium and spinal fluid calcium were made in 2 
cases of hyperparathyroidism and 2 of hypoparathyroidism in the 
endeavor to ascertain whether there was any variation in the spinal 
fluid calcium and filterable serum calcium over a. period of Aveeks. 
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In all previous studies of the spinal fluid calcium, particularly 
those dealing with comparisons between filterable serum calcium 
and total spinal fluid calcium, the authors have apparently assumed 
that the spinal fluid calcium is completely filterable. We haA'e con- 
sidered it desirable to test this assumption experimentally. 

Material. Patients on the Neurologic Service who were free from 
organic disease of the central nervous system which might affect 
the permeability of the membranes of the chorioid plexus (i. e., as 
attested by normal spinal fluid under normal pressure) were used 
as controls. 

Characteristic generalized roentgenographic changes in the bones, 
high serum calcium, low serum inorganic' phosphorus, high serum 
phosphatase and hypercalcinuria were the diagnostic criteria of 
hyperparathjToidism. Additional proof of the correctness of the 
diagnosis in 1 case (G. J.) was afforded by the abrupt fall in serum 
calcium following removal of a parathyroid adenoma.* 

The validity of the commonly accepted criteria of hyperpara- 
thyroidism (hjqiercalcemia, hypercalcinuria, h 3 >pophosphatemia) 
has recently been questioned by Robbins and Kydd,-® who state 
that they have found similar abnormal phosphorus and calcium 
values in 3 cases of multiple myeloma and 1 case of Paget’s disease 
(osteitis deformans). Previously Bauer-^ and Compere-- had been 
unable to demonstrate these changes -in Paget’s disease. In our 
work we have adhered to the diagnostic criteria accepted by most 
investigators.2i-2.23 

A history of convulsions following thyroidectomy, strongly posi- 
tive Chvostek’s and Trousseau’s signs, low serum calcium, and 
high inorganic phosphorus served as the basis for the diagnosis of 
hypoparathyroidism in 1 of our cases (O. C.). The appearance 
after thjToidectomy of mild tetany, a feeling of numbness in the 
upper extremities, inability to relax, a positive Chvostek’s sign, 
and low serum calcium established the diagnosis in the second case 
of hjqioparathyroidism (C. E.). 

In 1 case (0. C.) a single determination was made at the end of a 
6^ months’ period of calcium and parath^Toid extract administra- 
tion; treatment was then discontinued, and thereafter repeated 
determinations were made until tetany supervened and after specific 
treatment had been resumed. In the other case (C. E.) the estima- 
tions were made 3 months after thjToidectomy, during which time 
no treatment had been administered, and again after the institution 
of treatment with calcium and parathjToid extract. 

Methods and Experimental Procedure. Approximate^' 25 cc. of blood 
were removed from a vein in the usual manner. Venipunctures were done 
mthout regard to meals except when inorganic phosphorus was to be 
estimated, in which case the sample was taken after a fast of 12 to 14 hours. 

* Since this article was submitted for publication, the diagnosis of hyperpara- 
tnjToidism has been proved in the case of E. W., by the removal of a parathjToid 
adenoma, with the resulting rapid return to normal of the blood calcium and phos- 
phorus values. 
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Cerebrospinal fluid was obtained either by lumbar or cisternal puncture 
not more than 5 minutes before the venipuncture. 

Clark and Collip’s-^ modification of Tisdall’s-'’ method ^vas used for all 
calcium determinations. Inorganic phosphorus was estimated by the 
method of Fiske and Subbarow.-* Tlie method of Andersch and Gibson-^ 
was used for total protein. All determinations were done in duplicate 
except when accident prevented. Eighty-five per cent of the duplicates 
of the filterable calcium checked Avithin 5%, and the remainder checked 
within 10%. The calcium of the ultrafiltrate was recalculated according 
to the formula given by Benjamin and Hess'® to correct for the quantity 
of protein in the serum. 

Collodion sacs were prepared from Mallmcki'odt’s parlodion by Green- 
berg and Gunther’s* method. To avoid the possibility of error due to 
passage of protein into the filtrate, all filtrates which gave a positive biuret 
test were discarded. The permeability of the membranes to calcium chlorid 
solutions was tested frequently' and always found to be complete. The 
close agreement between calcium values of ultrafiltrates obtained from the 

'Pump 



Fig. 1. — Schematic drawing of ultrahltration apparatus. 


same serum by filtering through different membranes also served as a check 
on the permeability of the membranes. All sacs were discarded after being 
used once. An ultrafiltrate of the serum was obtained by the method of 
Greenberg and Gunther,* which is essentially the one described by tfpde- 
graph, Greenberg, and Clark.® Several minor modifications were made to 
simplify the apparatus and to insure more rapid filtration (Fig. 1). If 7 
to 8 cc. of serum be used in each sac, 2 cc. of filtrate are obtained in 2 hours. 

Results. Tables 1, 2, and 3 summarize our results for total 
serum calcium, filterable serum calcium, and spinal fluid calcium 
in a group of normal individuals, in 2 cases of hyperparathyroidism, 
and 2 cases of hypoparathyroidism, respectively. 

Discussion. It may be seen from Table 1 that the values for 
filterable calcium of blood serum are within the normal limits re- 
ported by others.®'®’*®'*® Furthermore, the results indicate that 
over the normal range of serum calcium values the filterable calcium 
of the serum and the calcium of the spinal fluid are approximately 
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the same, as Searle and Michaels-^ have shown. In 2 normal sub- 
jeets (L. and R., Table 1), however, the difference between the 
filterable calcium of the serum and the calcium of the spinal fluid 

Table 1. — Calcium Studies in a Group op Norjials. 



(All 

CAiiCTOM Values in 

Mg. %.) 





Serum calcium. 

Spinal fluid calcium. 

Serum 







protein, 

%. 

Patient. 

Date. 

Total. 

Filterable, Total. 

Filterable. 

H . . . 

12- 7 

10.4 

5.2 



6,2 

F . . . . 

12- S 

10.6 

4.3 

4.7 

4!s 

5.0 

W ... 

12-13 

11.0 

4.9 

6.3 

5.1 

7.4 

L . . . . 

12-13 

10.1 

5.3 

4.7 

4.6 

7.3 

M . . . 

12-13 

11.3 

3.3 



6.0 

M . . . 

12-16 

• 11.4 

3.5 




M . . . 

12-19 

10.0 

4.2 




C . . . 

12-20 

10.4 

4.8 

4.9 


5.8 

H . . . 

. 12-20 

10.4 

5.6 

5.5 


6.3 

R . . . 

1- 4 

10.2 

5.3 

4.4 


5.2 

T. R. . . 

1- 4 

9.2 

5.5 

4.8 

• . . 

5.6 


Table 2. — Calcium Studies in 2 Cases op Hyperparathyroidism. 
(All Calcium Values in Mg. %.) 




Serum calcium. 

Spinal fluid calcium. 

Serum 






— 

protein. 

Patient. 

Date. 

Total. 

Filterable. 

Total. 

Filterable. 

%■ 

E. W. . . 

11-22 

15.3 






12- 8 

16.5 






12-10 

16.2 

6.9 

5.8 


7.0 


12-12 

15.4 




7.7 


12-13 

16.3 

5.S 

6.0 

c!i 

6.9 


12-14 

15.7 

7.3 



7.4 


12-15 

15.0 

7.1 

> 


7.0 


12-17 

10.2 

7.8 





12-18 

16.5 

7.3 

5.6 




12-19 

14.9 

6,5 



7.0 


12-20 

15.4 

6.8 

5.9 

6.0 

7.2 


12-21 

14.1 

6.9 

6.4 

6.3 

6.9 


12-31 

16.3 

7.1 

5.5 




1- 2 

14.3 

8.0 





1- 3 

15.2 

8.1 





1- 5 

15.0 

7.8 



7.0 


1-25 

15.6 

8.7 




Average . 


15.3 

7,2 

5.8 



G. J. . . . 

. 12-31 

12.3 

7.3 

4.4 

4.6 

5.2 


1- 1 

12.7 

7.1 



5.2 


1- 2 

12.7 

6.9 



5.4 


1- 3 

12.9 

7.5 

• • . 


5,4 


1- 4 

13.1 

7.7 

5.0 

5.2 



1- 5 

14.6 

7.6 



5.4 


1- 7 

12.3 

7.0 

4.8 



Average . 

• 

13.0 

7.3 

4.8 




2-20* 







2-20t 

11.8 






2-21 

10.2 






2-22 

8.4 

. 





2-23 

7.4 

3.4 





3- 1 

7.3 

3.4 





3- 6 

7.2 

3.4 





3-11 

7.2 

3.6 




* O . 

3-12 

0.7 

2 S. 

4.7 




8 a.m. Removal of proven paratlijToid adenoma, 
t 4 P.M. 
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Table 3. — Calcium Studies in 2 Cases of HypoPAnATHYnoiDisji. 
(All Calcium Values in Mg. %.) 



1 

! 

1 

; Scrum calcium. } 

’ Sninal 

j 

Scrum i 


Patient, i 

i 

\ Date. 

i 

1 i fluid 

1 Tntoi 1 Filter- 'c.ilciuni, 

1 j able. : total. 

protein, 
%. ! 

Ilcmarks. 


1-15 1 

1 7.0 

[ 3.4 

1 

1 • • • 

1-17 i 

0.1 

2.3 

3.7 

1-18 ' 

0.5 

2.4 


1-19 : 

0.3 

2.3 ' 

4.8 

1-21 

0.1 

2.4 


1-22 

5.0 

1.9 

4.2 


1-23 

, 0 2 

2.3 


1-25 

. 0.7 

, 2 9 

4.3 

1-28 

' 8.2 



1-31 

’ 7.0 

3.5 


2- 5 

! 7.4 

3.0 


3- 4 

0.1 



3- 0 

5 8 

2.5 . 


3- 7 

' 0.1 

2 3 

4 1 

3-11 

. 5 4 

2 3 

3 9 

.3-15 




3-20 

7 0 

4.7 


3-21 

, 7.0 

4.2 


3-25 

1 7.8 

4.2 


4- 3 

7.5 



4- 0 




4- 3 

7.5 



4-11 ' 

9.9 



4-22 

1 9.2 

1 5 5 

3 9 


I 

5.0 j After 0 nios. on calcium and 
, parath5Toid extr., which was 
! discontinued on this date. 

5.C 1 


5.0 


5.4 


5.4 
5 0 


Tetany; 4 cc. parathyroid oxtr. 
and 5 gni. calcium lactate daily 
started and continued, to 2-5. 


5 2 
5 2 


5 0 
5.0 


1 

J 

i 

I 


i 


5 gni. calcium lactate and 1 cc, 
parathyroid oxtr. daily started. 


, Parathyroid oxtr. 3 cc. daily. 


is greater than the exi^erimental error. The cerebrospinal fluid 
values, which varied between 4.4 to 5.5 mg.%, are in close agree- 
ment with the normal spinal fluid calcium values of 4.5 to 5.5 mg.% 
reported bj^ Cantarow^^ and Searle and Michaels.-® 

In 1 case of hyperparathyroidism (E. W.), in which the total 
calcium averaged 15.3 mg.%, the filterable calcium of the serum 
averaged 7.2 mg.% (range 5.8 to 8.7 mg.%) over a period of 2 
months, which is definitely higher than normal. Six estimations 
of spinal fluid calcium varied from 5.5 to 6.4 mg.%, averaging 5.8 
D^g-%, which, although very slightly elevated, is considerably lower 
than the average (7.2 mg.) for filterable calcium of serum in this 
case. 

In the second case of hj^perparathyroidism (G. J.), in which the 
total serum calcium averaged 13.0, the filterable calcium averaged 
7.3 mg.%. The spinal fluid, however, was consistently within 
normal limits, varying between 4.4 and 5 mg.%. The results in 
these 2 cases of hj’perparathyroidism are in agreement with those 
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obtained by Merritt and Bauer" after administering parathyroid 
extract to normal human beings, and with the results in 2 cases of 
hjTJerparathjToidism reported by Herberts® 

Since all our observations were made over a considerable period 
of time, it follows that the lack of correlation between filterable 
serum calcium and cerebrospinal fluid calcium is not due to failure 
of the cerebrospinal fluid calcium to reach an equilibrium with the 
calcium of the blood serum, as has been suggested by Greenberg.-^ 
It should be noted also that the correct relationship between 
cerebrospinal fluid calcium and filterable serum calcium cannot 
be arrived at if only single comparisons are made, since there are 
independent fluctuations in the two. For ex-ample, in the case of 
E. W. there was perfect agreement on one day (5.8 and 6), and 
considerable disparity on another (7.3 and 5.6). 

In his contention that ankylosing (rheumatoid) polyarthritis 
may be due to hyperparathyroidism, Funsten^® has not demanded 
permanent elevation of the serum calcium as a necessary criterion 
of hyperparathyroidism. The serum calcium in our 2 cases of 
hyperparathyroidism was invariably elevated. This is in agreement 
with the results of other investigators.-^--^ 

After taking 1 cc. of parathyroid extract and 60 grains of calcium 
lactate daily for several months, 1 patient (0. C.) with hypopara- 
thyroidism had a total serum calcium of 7.6 mg.% and a filterable 
calcium of 3,4 mg,%. After the parathyroid extract and calcium 
were discontinued there was a progressive fall of both the total and 
filterable calcium values. On the sixth day the total serum calcium 
reached 5.6 mg.% and the filterable calcium 1.9 mg.%, and the 
patient showed definite signs of tetany (spontaneous carpopedal 
spasm). In contrast to this fall in the filterable calcium of serum, 
the cerebrospinal fluid calcium rose slightly from 3.7 to 4.8 mg.%. 
At this point the daily administration of 4 cc. of parathyroid extract 
subcutaneously and 60 grains of calcium lactate orally was begun. 
The total and filterable calcium rose progressively, but the latter 
never reached the level of the spinal fluid calcium. After 2 weeks of 
this therapy the total serum calcium was only 7.4 mg.% and the 
filterable calcium was 3 mg.%. 

In the second case of hypoparathyroidism (C. E.) the total and 
filterable calcium were much diminished, whereas the spinal fluid 
calcium was essentially normal. Parathyroid and calcinm therapy 
caused the total serum calcium to rise essentiallj'^ to a normal level 
and the filterable calcium to return to a high normal value. The 
spinal fluid calcium however, remained unchanged . At the beginning 
of the study, the spinal fluid calcium was 3.9 mg., the total calcium 
5.4 mg., and the filterable calcium 2.3 mg. With therapy the total 
rose to 9.2 rag., the filterable rose to 5.5 mg., and the spinal fluid 
calcium remained at 3.9 mg. 

The results in these cases (O. C. and C. E.) indicate tliat it is 
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principally the filterable ealeiuin of the serum which falls in para- 
thyroid tetany. This agrees with the results of Gunther and Green- 
berg.'’ It is not in agi-eement, however, with the observations of 
Cameron and JMoorhouse,"* who reported that the non-filterable 
ealeium of serum almost disappeared in parathyroid tetany in dogs. 
The last named investigators used the spinal fluid ealeium as a 
measure of the filterable calcium of serum. 

Summary. Estimations of the total and filterable calcium of 
serum and the total calcium of the spinal fluid were made in 9 
persons with normal ealeium metabolism. A series of comparisons 
of the total and filterable ealeium of serum with the total spinal 
fluid ealeium was made in 2 eases of hyperparathyroidism and 2 
cases of hj’poparathyroidism. In each person with abnormal 
ealeium metabolism the comparisons were repeated frequently at 
intervals of one to several days over an extended period of time. 
This was done in order to ascertain whether there might be daily 
variations in the relationship of the serum filterable calcium and 
spinal fluid calcium, and to be sure that any diserepaney between 
the two values was not due to failure of the two systems to reach 
equilibrium because of a time faetor. The filterability of the spinal 
fluid calcium was also studied in subjects with normal and abnormal 
calcium metabolism. 

Conclusions. 1. Filterable ealeium of serum is elevated in hj’per- 
parathyroidism and lowered in hjTpoparathyroidism. 

2. Filterable calcium of serum and total ealeium of spinal fluid 
are usually practically equal over the normal range of serum calcium 
values. In 2 of 9 persons in our normal series, however, the filter- 
able ealeium of serum exceeded the total spinal fluid ealeium by an 
amount greater than the usual experimental error. 

3. The spinal fluid ealeium was slightly elevated in 1 case of 
hyperparathjToidism and normal in another case. It was also 
normal in 2 eases of hjqioparathyroidism. 

4. Wide A’ariations in filterable calcium of serum may oceur 
without any change in the spinal fluid calcium. It is proper, there- 
fore, to question all values for filterable serum ealeium which are 
obtained by estimating the spinal fluid ealeium. 

5. The ealeium of spinal fluid is completely filterable. 

6. It was impossible to raise the total serum ealeium above 7.6 mg. 
in 1 ease of hypoparathyroidism by administering 4 ec. of para- 
thyroid extraet and 4 gm. of calcium lactate daily, but the symptoms 
and signs of tetany were eompletely relieved. 

7. In 1 proved ease of hyperparathyroidism, the maximal ehange 
in the serum ealeium values occurred within 3 days after the removal 
of the parathyroid adenoma. This should be kept in mind in using 
the serum ealcimu as the eriterion of suceess of surgical treatment 
of parathyroid adenomas. 
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8. Time was not the determining factor in the difference betiveen 
the filterable serum and spinal fluid calcium in 4 patients with 
abnormal calcium metabolism. 

9. The spinal fluid probably does not represent an ultrafiltrate 
of the plasma so far as calcium is concerned. 
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CAUSES OP DEATH IN DIPHTHERIA AND THEIR 
PREVENTION.* 

By Archibald L. Hoyne, M.D., 

MEDICAL SUPERINTENDENT, MUNICIPAL CONTAGIOUS DISEASE HOSPITAL; ATTENDING 
PHYSICIAN AND CHIEF, DEPARTMENT OF CONTAGIOUS DISEASES, COOK COUNTY 
HOSPITAL, CHICAGO, ILL. 

(From Municipal Contagious Disease Hospital, Chicago Board of Health.) 

Onid might properly suggest that tlie simplest manner for pre- 
venting deaths from diphtheria is through active immunization. 

e not merely agree that this is quite true but are willing to admit 
that it is the only certain method of eliminating fatalities from this 
infection. Nevertheless, just as smallpox has continued to exist 

Road before the Chicago Society of internal Medieine, May 27, 1935. 
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and cause an unnecessary loss of life for the 139 years since the 
introduction of vaccination, so a somewhat similar situation inay 
be expected in respect to diphtheria. Many parents will fail to 
protect their children by the means now available. It is among this 
portion of the population who contract diphtheria with which we 
are now concerned. 

The causes of death from diphtheria fall into three classes: 
(1) asplijoda; (2) bronchopneumonia, and (3) myocarditis (toxemia). 

The first group embraces those cases of diphtheria in which the 
membrane is located within or below the larynx. And a false mem- 
brane witliin or below tlic larynx does not necessarily signify an 
extension of the infection from above downward, for in the majority 
of laryngeal diphtheria patients there is no visible membrane outside 
the larynx. In reality, many cases of this kind develop by extension 
of the di])htheritic process from below upward. This fact has an 
important bearing on the treatment required. 

In the average case of diphtheria, when the site of the membrane 
is in or below the larynx, toxemia is not the primary factor that 
endangers life. It is the membrane itself acting in a mechanical 
way that threatens asphyxiation liy blocking the lower air passages. 
Consequently relief from this condition must be accomplished 
either by intubation or tracheotomy. Diphtheria antitoxin alone, 
regardless of dosage, will seldom suffice to save the patient. We 
have stated that usually the toxic action of diphtheritic infections 
in this group is not jironoimccd. As evidence of this, it is found 
that the complications associated with other forms of diphtheria 
rarely occur when the infection (membrane) is confined to the 
lar>mx or trachea. ISIyocarditis, albuminuria and the paralyses are 
notably absent. 

Asph,'\'xiation, then, as a cause of death in diphtheria must be 
prevented by surgical, not medical, treatment. Here diphtheria 
antitoxin is not the artillery: it is the infantry in the fight for life. 

In the second class of causes of death from diphtheria, we must 
contend with bronchopneumonia. This is perhaps the most difficult 
onslaught to avoid, because there is no certain method of preven- 
tion. Nor is there any reasonably sure means of victory after 
bronchopneumonia is firmly entrenched. It is principally in 
larjmgeal diphtheria that bronchopneumonia may intervene and 
snuff out a life after intubation or tracheotomy has saved the 
patient from asphjociation. Aspiration pneumonia in intubated 
patients is not nearly as frequent as some would have us believe. 
It is always a possibility, nevertheless. With proper methods of 
feeding, however, it is not likely to occur. Clean hands and clean 
instruments when pcrfoi-ming an intubation are vital necessities. 
With these simple requirements we found some j^ears ago that the 
frequency of bronchopneumonia as a cause of death in diphtheria 
could be greatly diminished. The use of mechanical suction appa- 
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ratus and elevating the foot of the bed are also important assets in 
the avoidance of pneumonia in those patients who have profuse 
nasal or oral discharges. 

In the third class of the causes of death in diphtheria we have 
the most important group. It holds this position not merely 
because it constitutes the greatest number of fatalities, but also on 
account of the possibilities of prevention, providing the signs of 
impending disaster are promptly recognized and immediate and 
appropriate action taken. 

This is the group in which myocarditis so often plays the part 
of the executioner. However, the death sentence is not carried out 
with any undue haste. The limitation of life cannot be compared 
with the patient who suffers from laryngeal diphtheria when, within 
the space of a few seconds the possession of dexterity and experience, 
or lack of it, on the part of the physician, determines the outcome. 

In pharyngeal or nasopharjmgeal diphtheria, the absorption of 
toxin from the site of the membrane is rapid. Within 3 days of 
the onset of the disease, pronounced toxemia may be evident. Never- 
theless, if treated with adequate doses of antitoxin within that 
period of time, comparatively few patients are lost. But when 
more than 3 days have elapsed prior to antitoxin treatment, the 
fatality figures mount by leaps and bounds, provided antitoxin 
alone is relied upon to preserve life. It is to such patients as these 
that we have directed particular attention during the past 2 years. 

Diphtheria patients with a profound toxemia usually have a 
cervical adenitis, commonly described as the “bull neck type.” 
The neck, however, does not have the hard brawny feeling that is 
sometimes encountered in scarlet fever. The tissues suggest that 
much of the swelling is due to edema. The patient is often not 
merely rational but very clear mentally. A profuse nasal discharge 
is likely, and a foul odor, sometimes referred to as tjqiical of diph- 
theria, permeates the atmosphere about the patient. The finding 
of a marked albuminuria is very significant, for it indicates a bad 
prognosis. An enlarged and tender liver will also be noted in 
many such patients. The temperature means little, insofar as hav- 
ing any bearing on the true condition of the patient. It may be 
normal, slightly subnormal, or be elevated 3 to 4°. As a rule, the 
temperature ranges from 99 to 103° prior to antitoxin admin- 
istration. 

When one observes a patient such as described here, it is possible 
to foretell with a surprising degree of accuracy what may be ex-pected 
and the approximate time when certain expectations will be ful- 
filled. After the administration of diphtheria antitoxin, the tem- 
perature will usually rise 2 or 3° during the next 12 to 24 hours. 
Within 48 hours after antitoxin injection, considerable improvement 
is often manifest and there are likely to Ise high hopes for recovery. 
During the next 2 or 3 days the membrane may have completely 
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disappeared and the pulse rate, which perhaps was 110 before anti- 
toxin treatment, is now about 90. At this time, little or no abnor- 
malities of the heart may be detected with the stethoscope, even 
in the hands of the heart specialist. However, from the lOth to 
the 12th day of the disease, which may be possibly 6 or S days after 
antitoxin has been given, a sharp drop in the pulse rate occurs. 
There is often a decline of 30 to 40 beats per minute within a space 
of a few hours. This is one of the commonest omens of impending 
danger, though the patient may have no complaint of ill feeling. 
However, within the next 12 to 24 hours, abdominal pain may occur, 
and if this is accompanied by vomiting, death is practically certain, 
and an autopsy establishes a diagnosis of acute myocarditis. 

For a considerable number of years we have made such observa- 
tions of diphtheria patients in the contagious disease hospitals. 
We have seen patients enter and found that we frequently could 
anticipate certain complications, basing our predictions on signs 
and symptoms present at that time. 3'his has been particularly 
true in respect to myocarditis. When myocarditis did devclo]), we 
then made use of dextrose intravenously and this form of treatment 
seemed to be beneficial. 

About a year ago,' we reviewed 496 cases of diphtheritic myocar- 
ditis, and undertook to emphasize the value of dextrose intra- 
venously in the treatment of such cases. Our customary practice 
liad been similar to that of others- who had used glucose intra- 
venously in the treatment of diphtheritic myocarditis. We began 
the administration of glucose as soon as myocarditis was diagnosed. 
Yet in many instances we felt we knew several days in advance 
that the patients would have myocarditis. When the administra- 
tion of glucose was withheld until a definite diagnosis of myocarditis 
was made, comparatively few such patients survived. Therefore, 
early in 1934, it was decided that certain classes of diphtheria 
patients would be placed on glucose therapy as soon as admitted 
to hospital, and a definite plan was adopted for both the Municipal 
Contagious and Cook County Contagious Disease Hospitals. Intra- 
venous glucose was ordered as routine treatment for all diphtheria 
patients coming within any of the following groups; (1) those ill 
more than 3 days prior to receiving antitoxin; (2) “bull neck” 
types, irrespective of the day in the course of the disease that 
antitoxin was injected; (3) patients with marked albuminuria; (4) 
all postnasal cases and all malignant types of any character. 

Patients classified according to any of the foregoing groups were 
placed on the critical list when admitted to the hospital. Glucose— 
10% in double distilled water— was administered at once by the 
gravity method. The quantity usually varied from 500 cc. for a 
child, "to 1000 cc. for an adult, but was also determined to some 
extent by the condition of the patient. This treatment was repeated 
daily for a minimum period of 8 days, which frequently carried the 



HOYNE: CAUSES AND PREVENTION OF DEATH IN DIPHTHERIA 2/5 

patient through the precarious stage (10th to 12th day of disease) 
during which diphtheritic myocarditis so frequently manifests itself. 

In one instance, a woman, aged 39, receiving daily treatments 
was given 13,365 cc. of 10% glucose solution, or 1365 gm. of glucose, 
within 37 days. 

Among 225 diphtheria patients admitted to the Municipal Con- 
tagious Disease Hospital in 1934, there were 83 classified as critjcal 
when they entered. Nearly all of these 83 were of a tjqie usually de- 
scribed as malignant. However, we believed the severity of their 
infections in most instances should be attributed to delay in antitoxin 
administration rather than to some extreme virulence of the diph- 
theria bacillus. Many of these patients had been ill from 5 to 7 days 
before coming to the hospital. For the entire group of critical cases, 
the average duration of illness prior to antitoxin administration 
was 4.85. Hottinger^ reported a fatality rate for malignant diph- 
theria in Diisseldorf of from 50 to 60%. 

In our group of 83 critical diphtheria patients, the average num- 
ber of days for glucose administration was 9, and the average total 
dose of 10% glucose solution, 3492 cc. Among these 83 patients 
there were but 10 deaths. Thus, the fatality rate was only 12% 
in contrast to a rate of from 30 to 60%, which would ordinarily be 
expected without glucose. Moreover, it seems worthy of mention 
that of the 10 deaths, 1 occurred in less than 1 hour after admission 
to the hospital, and another of the fatalities took place in less than 
24 hours after admission. With the exclusion of these 2 deaths, 
we find that 81 so-called malignant cases of diphtheria that were 
placed on glucose therapy, had a recovery rate of more than 90%. 
Or in other words, the fatality rate was 9.8%, a figure that might 
not be regarded with disfavor for the average hospital cases of 
diphtheria. Nevertheless, the 83 patients treated witli glucose 
were in desperate condition. In this connection it is rather inter- 
esting to find that the average dose of diphtheria antitoxin for the 
patients in this group was only 39,500 units. This fact, together 
with the successful results of treatment, seem to further justify 
our conclusions reached some years ago that massive doses of 
diphtheria antitoxin are neither necessary nor of value in saving 
lii'es when there has been unusual delay in serum administration. 

Very recently, Darrow and Yannet'* reported on the use of glucose 
in malignant diphtheria. In a group of 5 cases they had 4 recoveries 
and 1 death. These authors point out that diphtheritic intoxication 
]iroduces extensive derangement of carbohydrate metabolism, and 
tliey further state there is hepatic insufficiency, renal insufficiency 
and shock. In reporting their clinical exjierience, it seems to me, 
liowei'er, that the mode of treatment adopted was much the same 
as used by others in the past. Glucose was given the patient in 
order to combat degenerative changes in the tissues after symptoms 
of such changes had become plainly evident. To be of most value. 
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glucose should be administered without waiting for physical signs 
of myocarditis. 

Summary. ] . When the diphtheria membrane is located within 
or below the larynx, diphtheria antitoxin alone will seldom save 
the patient. Usually intubation or tracheotomy is required. 

2. Although there is no absolute method for preventing broncho- 
pneumonia in diphtheria, the frequency of this complication can 
belield to a minimum if minute attention is paid to cleanliness of 
hands and instruments when performing intubations, and if correct 
methods of feeding are followed for patients wearing intubation 
tubes. 

3. Diphtheritic myocarditis can often be prevented by the use of 
10% dextrose solution intravenously, provided this treatment is 
begun sufficiently early and continued daily for a sufficient length 
of time. 

Dextrose helps to maintain the general nutrition of the patient 
who may be unable to swallow or retain food. In addition, it 
seems to provide nourishment to the heart muscle, and thus lessen 
passive congestion of the liver. The necessity for immediate insti- 
tution of glucose therapy increases according" to the number of 
elapsed days prior to antitoxin injection. 
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Diseases of the Nehvous System. A Text-book of Neurology and 
Psychiatry. By Smith Eey Jeeliffb, M.D., Ph.D., Formerly Pr 9 fessor 
of Psychiatry, Fordham University, and Adjunct Professor of Diseases 
of the Mind and Nervous System, New York Post-Graduate Medical 
School and Hospital, and William A. White, M.D., Superintendent of 
St. Elizabeth’s Hospital, Washington, D. C.; Professor of Psychiatry, 
George Washington University, etc. Pp._1175; 497 illustrations and 
13 plates. Sixth edition, thoroughly revised. Philadelphia; Lea & 
Febiger, 1935. Price, S9.50. 

“In the preparation of this edition the authors have undertaken to 
include as far as possible all important contributions which have sufficient 
weight and have been made since the last edition. The whole book has 
been carefully revised, some portions rewritten and many additions 
have been made to the text. That it has kept within the same number of 
pages as the last edition is due to the fact that the pages throughout have 
been enlarged so that the bulk of the book might not be increased materi- 
ally. To be somewhat specific as to the nature of the new material, briefly 
it may be said that new methods of examination have been added; the 
chapter on the vegetative nervous system brought- into line with present- 
day investigations, particularly the pathways of the hypothalamic region 
presented in the light of recent metabolic studies; the newer surgery of 
the sympathetics has been discussed and reserved judgments expressed. 
The endocrinopathies, especially the pituitary sections, have been revTitten. 
In the sensorimotor neurology, especially of the peripheral systems, little 
of signal importance has been produced since the last edition. The newer 
work on spinal cord lesions, especially the encephalomyelitides, has been 
carefully revised. _ Rarer peduncular and mid-brain lesions have been 
included and likewise certain new issues in the discussion of the localization 
of brain tumors. In the final section, on the symbolic systems, much new 
material has been added, particularly of an interpretative character, and 
especially material which tends to illustrate the distinction between those 
common possessions of man which have been laid down in well defined 
structuralizations and those more or less incidental results of his individual 
experiences during his lifetime. Especial attention is called to our effort 
in the full citation of the significant literature to indicate the historical 
developments in the knowledge of the various matters discussed.” (From 
the Authors’ Preface.) 


The Pathology of Internal Diseases. By William Boyd, M.D., 
M.R.C.P. (Edin.), F.R.C.P. (Bond.); Dipl. Psych., F.R.S. (Can.), Pro- 
fessor of Pathology in the University of Manitoba; Pathologist to the 
Winnipeg General Hospital. Pp. 904; 335 illustrations. Second edition. 
Philadelphia: Lea & Febiger, 1935. Price, $10.00. 

The first edition of Professor Boyd’s book was reviewed in this Journal 
(181, 419, 1931). In this revised edition much of the book has been rewrit- 
ten and a considerable amount of new material has been added. Every 
chapter bears witness to the successful accomplislunent of the aim stated 
“to develop the subject along clinical and physiological lines.” Stress has 
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been laid on relating structural changes to functional disturbances, symp- 
toms to lesions. The introduction of a number of pictures of clinical con- 
ditions serves to emphasize this viewpoint. From the opening sentence 
("Of all the ailments which may blow out life’s little candle, heart disease 
is the chief”) to the last page, the book is well written; it is also very read- 
able, and not the least so because of the many apt quotations, some but a 
phrase or a line, from the original descriptions of lesions and sjTnptoms bj' 
the masters. 

As the title states, the book deals with the pathologj' of internal diseases, 
including tho.se of the nervous .system. The student in his preclinical as 
well as in the clinical years will find it an excellent aid for linking the 
pathologic laboratorj' to the ward; to the jiractitioner it will bring a thor- 
oughly satisfactoiy and modern presentation of the science of internal 
diseases. B. L. 


A Texthook of Geneiul BACTEUionoGY. By Edwin 0. Jord.in, Pn.D., 
Professor of Bacteriology in the University of Chicago and in Rush 
Medical College. Pp. 825; 202 illustrations. Eleventh edition, entirely 
reset. Philadelphia: IP. 13. Saunders Comiiany, 1935. Price, .86.00. 
“The current— one might say torrent— of investigation has run strong 
since the tenth edition of this book was printed, and signal advances have 
been made in our knowledge. It has lieen necessary to rewrite many jiortions 
and to add materially to others. The important topic of bacterial variation 
is dealt vith in a new and separate chajiter; the chajitcrs on Immunity, 
on Streptococci, on Salmonella, on Brucella, on Rickettsia and on Spiro- 
chetes have received many modifications and additions; and the section on 
The Viruses and Virus Diseases has been largely rewTitten. In an attempt 
to promote grouping by natural relationshiiis a few changes have been 
made in the arrangement of chapters. The most important of these has 
lieen to bring together the Actinomycetalcs; The diphtheria bacillus, the 
tubercle bacillus, the actinomyccs, etc. 

The problem of nomenclature, always in bacteriology a vexed and difficult 
one for Iioth student and teacher, is treated in what some bacteriologists 
will consider too conservative a maimer. The names for bacteria, however, 
used bj"^ many recent writers, notably by the authoi-s of the admirable nine- 
volume System of Bacteriology published by the British Medical Research 
Council, is additional evidence of the impossibility of achie^^ng a unified 
nomenclature excejit by international agreement. For the present we may 
well hesitate to use in a textbook names that have not won pretty general 
acceptance.” (From the Author’s Preface.) 


A Textbook of Laboratory Diagnosis. With Clinical Applications for 
Practitioners and Students. By Edwin E. Osgood, M.A., M.D., Assis- 
tant Professor of Medicine and Biochemistry, Director of Laboratories, 
University of Oregon, School of Medicine, Portland. Pp. 585; 27 illus- 
trations and 10 colored plates. Second edition. Philadelphia; P. Blakis- 
ton’s Son & Co., Inc., 1935. Price, 86.00. 

“Among the major additions from the work of other investigators are 
the technic and interpretation of the blood urea clearance test, insulin 
coefficient, the blood bromide determination, the Friedman test, the galac- 
tose tolerance test, the Paul and Bunnell test for heterophile antibodies, 
also the technic for the quantitative determination of plasma proteins, 
proteins in cerebrospinal fluid and other body fluids, and the forensic 
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applications of blood grouping. Among the major additions from the 
original investigations of the author and his co-workers are new data on 
the normal values for plasma proteins, for the renal threshold, for the 
erjdhrocjdie count, hemoglobin, cell volume, color, volume and saturation 
indexes, total and differential leukocjd;e counts, sedimentation rates, retic- 
ulocyte count and sternal marrow. The improved technic for reticulocyte 
counting, methods for accurate prognosis from changes in neutrophil 
morphologj’’ and a simple clinical method for obtaining sternal marrow 
during life are further additions. New data on the histogenesis of the 
monocyte and plasma cell derived from a study of monocytic and plasma 
cell leukemias are also included from our work. Special attention has 
been given both in the text and in the Index by Diseases to the new develop- 
ment in the diagnosis of such conditions as hyperinsulinism, hj’’perpara- 
thyroidism, infectious mononucleosis, erythroleukoblastosis, teratoma testis, 
iron deficiency anemias, etc.” (From the Author's Preface.) 


Diseases of the Thyroid Gland. By Arthur E.. Hertzler, M.D., 
Chief Surgeon, Halstead Hospital; Professor of SurgerjL University of 
Kansas. With a Chapter on Hospital Management of Goiter Patients 
by Victor E. Chesky, M.D., Chief Resident Surgeon, Halstead Hos- 
pital. Pp. 348;- 181 illustrations. Third edition, entirely rewritten. 
St. Louis: The C. V. Mosby Company, 1935. Price, S7.50. 

In this, as in previous editions, the author presents the results pf his 
personal experience with thyroid disease, and his highly individual opinions 
(often unique) concerning its clinical and pathologic aspects. No attemjDt 
is made to reflect generally prevailing views of the subject. There is 
little reference to the literature and no bibliography; there is occasional 
evidence of careless writing. The increasing importance of the endocrine 
interrelationships of the thyroid is practicallj^ ignored. The classification 
of goiter (of which too many already exist) is vague and confusing, and 
rnany of the illustrations are of little value. The dravungs illustrating sur- 
gical anatomy and technique are good. The book is not a valuable con- 
tribution to the literature of thyroid disease. E. R. 


Disorders of the Blood. Diagnosis, Pathologjq Treatment and Tech- 
nique. By Lionel E. H. Whitby, C.V.O., M.C., M.A., M.D. (Cantab.), 
F.R.C.P. (Lond.), D.P.H., Assistant Pathologist, the Bland-Sutton 
Institute of Pathology, The Middlesex Hospital, and Pathologist, The 
Children’s Hospital, Hampstead, and C. J. C. Britton, M.D. (New 
Zealand), Assistant Pathologist, The Christchurch Hospital, New Zea- 
land; Late Postgraduate New Zealand Scholar, The Middlesex Hospital, 
and Assistant Pathologist, The Bland-Sutton Institute of Pathology, 
The Middlesex Hospital. Pp. 543; 53 illustrations and 12 plates (8 in 
colors). Philadelphia; P.Blakiston’sSon&Co., Inc., 1935. Price, 87.00. 
In few fields of clinical medicine have the accumulation of new facts 
and the comprehension of disease pictures increased more rapidly in recent 
years than in hematology. This has naturally been reflected in the number 
of new books that have appeared on the blood and its disorders, one of the 
best being this latest contribution to the subject from the Middlesex Hos- 
pital. The extensive hematologic literature of the past decade — especially 
in_ England, Germany and this country — has been thoroughly and dis- 
criminately covered, to produce a work that covers not only the outlines 
of normal and pathologic heinolytopoiesis but also the various disorders of 
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the blood, their nature, diagnoses and treatment. Especially are the more 
recent advances comprehensively and comprchendinglj’' presented. On 
many undecided points the prevalent \dew is tlie one regularly presented, 
but_ attention is as regularly called to the minority standpoint. A con- 
venient novelty is the insertion of Summaries at the ends of most of the 
chapters. A final chapter (52 pages) on technique includes determinations 
of blood volume, grouping, spectroscopy, bone-marrow biopsy, as well as 
the usual hematologic methods. E. K. 


Archivos pE Medicin.v Legal e Identieicavao. Official Publication of 
the Institute of Identification. Edited by Leonidio Ribeiro, M.D., 
Director of the Institute of Identification. Vol. V, No. 11. Pp. 212; 
illustrated. Rio do Janeiro: Imprensa Nacional, 1935. (No price 
given.) 

One of the outstanding institutions in the field of criminologj' from the 
medical standpoint is the Institute of Identification in Rio de Janeiro. Its 
eminence is largelj' due to its organizer and director. Dr. Ribeiro, who in 
1933 was awarded the Lombroso Prize by the Royal Academy of Medicine 
in Rome. The contents of this issue of the Archives of Legal Medicine 
and Identification pay high tribute to the excellent investigative and 
educational work being carried on in the Institute. Of 'particular interest 
is Dr. Ribeiro’s article on the “Ability of Leprosy to Alter the Designs of 
Finger Prints.” R. K. 


Verhandlungen der deutschen Gesellschaft FtjR Kreislauf- 
FORSCHUNG. EiGRTH SESSION. Hcrausgegeben von Prof. Dr. Eb. 
Koch, Bad Nauheim. Pp. 262; 80 illustrations. Leipzig: Theodor 
Steinkopff, 1935. Price, Rm. 15. 

For this eighth annual session, held at Wiesbaden, the main topic of 
“Circulation and Respiration ” was selected. The three chief articles are bj' 
Hess, of Zurich, on the Physiologic Interplay of Circulation and Respira- 
tion; by Wenckebach, of Vienna, on Disturbances of Respiration and 
Tlieir Influence on the Circulation; and by Hochrein, of Leipzig, on the 
Pulmonary Circulation Under Normal and Pathologic Conditions. Other 
well-known authors are among the 35 contributors to the program, the 
last 11 items of which are on miscellaneous topics. The general level of 
excellence appears to be up to former standards. ’ E. K. 


Food and Beverage Analysis. By Milton A. Bridges, B.S., M.D., 
F.A.C.P., Director^of Medicine, Department of Correction Hospitals, 
New York; Consulting Physician, Sea view Hospital, Staten Island; 
Clinical Professor of Medicine and Lecturer in Therapeutics, New York 
Post-Graduate Medical School, Columbia University, etc. Pp; 246. 
Philadelphia: Lea & Febiger, 1935. Price, 83.50. 

Over 3200 analyses of nutritive values, over 400 iodin analyses, 350 anal- 
yses of vitamins and the analyses of over 500 foods for their content of 
various minerals make this little volume the outstanding publication in its 
field. Noteworthy is the inclusion of numerous analyses of canned and 
packaged, i. e., commercial foods, thereby greatly enhancing the practical 
value of the information. The data are conveniently presented in tables, 
vdth alphabetical listing of foods and -ndth not onty the percentage compo- 
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sitiou of the nutritive elements but also the number of grams of each 
element in a specific portion (based on household measure) of the food. 
The book will prove valuable to everyone who deals vnth any phase of 
practical dietetics. ' R- K. 


A Text-book of Fractures and Dislocations. Covering Their Path- 
ologJ^ Diagnosis and Treatment. By ICbllogg Speed, S.B., M.D., 
F.A.C.S., Professor of Clinical Surgery, Rush Medical College of the 
University of Chicago; Attending Surgeon, Presbyterian Hospital, etc. 
Pp. 1000; 1042 illustrations. Third edition, thoroughly re^nsed. Phila- 
delphia: Lea & Febiger, 1935. Price, Sll.OO. 

This tim'd edition of Speed’s excellent book on fractures and dislocations 
is'welcomed by those practitioners and surgeons who treat fractures. The 
plan of the original edition has been preserved. Each fracture is treated 
as a complete unit, with a description of the anatom}’’, the cause and inci- 
dence of the fracture, pathology, complications, symptoms and diagnosis, 
and then a full discussion of the standard methods of treatment. The 
methods suggested are not always the most advanced, but they are those 
which have been tried and proved useful in an extensive fracture experience. 
At the end of each section there has been appended in this edition a fist 
of references for the use of students and surgeons who vdsh to investigate 
the literature further. The illustrations are in many cases excellent actual 
photographs or tracings from roentgenographs. The work ■will be found 
to be an indispensable standard reference for surgeons and students. 

L. F. 


Precis de Pathologie Externe. In 2 volumes. By Professor E. 

Fergue. 9th edition. Pp. 2370; 1164 illustrations and 4 plates. Paris: 

Gaston Doin & Cie. Price, paper, 180 francs. 

This precis, awarded the Godard prize by the Academie de M6decine in 
1903, now appears in its ninth edition. The author has brought together 
material seldom if ever presented in an American or EngUsh text of com- 
parable length. Though a counterpart of our textbooks of surgery, it 
presents pathologic processes, particularly the common surgical conditions, 
from the ■yie’wpoint of the preclinical sciences. To this is added an excellent 
presentation of symptomatology and diagnosis. Treatment is outlined 
briefly, though the paragraphs devoted to it are more suitable as references 
than as descriptions. The emphasis is distinctly French and in many 
instances is quite different from that of English and American authors. 

J. R. 


ViER VoRLESUNGEN UBBR IGieislaupfragen. Gehalten an der Spanischen 
Universidad International de Verano en Santander. By Dr. Bruno 
Kisch, ordentlicher Professor der Physiologie an der Universitat Koln. 
Pp. 64; 6 illustrations. Koln: Paul Kuschbert, 1934. Price, Rm. 3.60. 
These lectures given in the Casa de Salud at Santander deal ’with rather 
specialized recent fields of cardiac functional pathology, chiefly with the 
humoral changes in the blood in heart disease. In the first, op “ Circulation 
and Metabolism,” the lecturer considers how the circulation and the 
blood content change in various normal conditions and in heart disease 
and how this in turn affects the heart and the other -viscera. In the second 
lecture on “Humoral Blood Changes in Circulatory Insufficiency,” the 
importance of the circulation in regulating bodily actmty is stressed. 
“The Circulation and the Autonomic Nervous System” (third lecture) 
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offers numerous examples of the importance in the economy of the organism 
of the “life nerves,” viiich in \utal organs are ahvaj's beyond voluntary 
control. In the last lecture, on “The Irradiation of Autonomic Eeflexcs,” 
is expounded the author’s law: “In the domain of the automonic nervous 
system . . . reflexes (exclusive of axone reflexes) are never limited to a 
single reflex zone.” These lectures should bo of interest and value e.specially 
to those concerned with the special field that they cover. E. K. * 


AnximiTis .vnd Rheumatoio Conditions. Their Nature and Treatment. 
By B.vum Pembeuton, M.S., 1\I.D., F.A.C.P., Profc.ssor of Medicine in 
the Graduate School of Medicine, University of Pennsylvania; Physician 
to the Abington Memorial and Bryn Maw Hospitals, etc. Pp. 455; . 
09 illustrations, GO tables and a colored plate. Second edition, thoroughly 
revised. French translation of first edition, 1933. Philadelphia; Lea 
& Febigcr, 1935. Price, .?5..50. 

The reader will find here an authoritative and complete statement of 
our present knowledge on the subject, a knowledge to wliich the author, 
in upwards of 20 years of study of this disease, has made valuable contri- 
butions. The apiiearancc of this .second edition, as well as a translation 
of the fimt into French, bear witness to the deserved popularity of the 
work. R. K. 


A Marriage Manual. A Practical Guide-Book to Sex and Marriage. 
By Hannah M. Stone, M.D., Medical Director of the Birth Control 
Clinical Research Bureau and of the Marriage Consultation Centers at 
the Coinmunit}" Church and Labor Temple, New York, and Ann.-viiAsi 
Stone, M.D., Adjunct Urologist at the Sydenham Hospital; Co-Director 
of the Marriage Consultation Centers at the Community Church and 
Labor Temple, New York. I’p. 334; 8 illustrations. New York; Simon 
and Schuster, 1935. Price, 82.50. 

The book fulty lives up to its subtitle; it is practical, accurate and 
instructive. Emjihasis and clarity have been heightened bj'- the form of 
presentation: questions and answers between a young couple and the 
plwsician. Doctors will find this an excellent book to recommend to their 
patients. R. K. 

The Diseases ok the Endocrine Gl.ands. B}^ Hermann Zondek, M.D. 
(Berlin), Director of the Medical Di\dsion, Bikur Cholim Hospital, 
Jerusalem, etc. Pp. 492; 168 illustrations. Third edition, revised and 
enlarged. Translated by Carl Prausnitz, M.D. (Breslau), M.R.C.S. 
(Eng.), L.R.C.P. (Lond.), Honorarj'- Research Fellow, Victoria Uni- 
versity of Manchester, etc. Baltimore: William Wood & Co., 1935. 
Price, 811.00. 

This book cannot be recommended as it is full of speculative and unsound 
conceptions and unwise therapeutic recommendations. 

A few examples speak for themselves: Osteomalacia, instead of being 
accepted as essentially due to deficiency in vitamin D, is regarded by 
the author as an endocrine disorder. He believes that excessive para- 
thjwoid function can produce osteomalacia “either directly or indircctl}’’ 
through the medium of the ovaries” (p. 357), and that severe cases of 
osteomalacia require surgical removal of the ovaries. Fortunately, how- 
ever, he advises \dtamin D administration, but exjilains that “the action of 
vitamin D is known to resemble that of parathormone in manj’' respects. 



nosworthy; theory and practice op anaesthesia 283 


especially as regards calcium metabolism” (p. 360). Although there is 
good evidence that generalized osteitis fibrosa is due to excess parathyroid 
function, the author advises treating this condition ivith parathormone 
“in order to stimulate production of osteoblasts and formation of new 
tissues,” and yet also advises what others advocate, removal of a para- 
thjToid tumor if it is present. 

He states: “The ultimate reason for the enhanced metabolism in 
Graves’ disease must be referred to constitutional peculiarities of the tissues, 
chiefly the muscles” (p. 136). He believes in a “peripheral” origin of 
Graves’ disease due to disturbances in “ionic balance in and around cells” 
of muscles and other tissues which are “constitutionally supersensitive 
to thyroid hormone.” For Graves’ disease, he has found beneficial in some 
cases pituitrin, insulin, liver extract, idtamin A to restore the disordered 
liver function, and calcium, in addition to the more conventional treatment. 

“Occasionally it is necessary to attune the tissues to the hormone by 
altering their physicochemical conditions. This may be done, inter alia, 
by spa treatment (e. g., Karlsbad, Marienbad, Vichy), by diet, and protein 
therapy” (p. 106). 

He recommends administering tuberculin in Addison’s disease due to 
tuberculosis. He has used insulin in Simmonds’ disease, although we know 
that such patients are likely to have spontaneous hypoglycemia. He 
believes he is giving anterior pituitaiy hormones when he is gudng prolan. 

“Hematopoiesis and the distribution of the blood \vithin the bod 3 '^ are 


regulated essentially by the thjToid hormone The hormone evi- 

dently influences the complex system regulating the composition of the 
blood, viz. bone marrow, spleen, IKer, etc.” (p. 39). I. Z. 


Syphilis, ihr biologischer Ubsprung und dek Weg zu ihrer Ausrot- 

TUNG. By Dr. Med. Febdin.a.nd Thugut. Pp. 109. Stuttgart; 

Ferdinand Enke, 1931. Price, Rm. 4.00. 

The brochure, “Die Weltgeissel Syphilis,” wliich appeared in 1926, 
proposed an ingenious theory of the origin of syphilis on the basis of recent 
studies on the mutability and changing \drulence of the Spirochteta pallida. 
The author accepts the scarcely tenable view that sj^philis, as we Imow it 
now, did not exist either in Europe or America before Columbus’ time. 
It is possible, according to him, that the ancestor of the Spirochceta pallida, 
a harmless organism, was rendered highly pathogenic as a result of passage 
through new hosts. The eradication of syphilis according to the author 
depends on early diagnosis and treatment as well as individual prophjdaxis. 
Written in a rather literary style this work makes interesting if difficult 
reading. J. S. 


The Theory and Practice op Anaesthesia. By M. D. Nosworthy, 
, M.A., M.D., B.Ch. (Cantab.), Anesthetist to Westminister Hospital and 
Grosvenor Hospital for Women, etc. With a Foreword by I. W. Magill, 
M.B., B.Ch. (Belfast), Senior Anesthetist to Westminister Hospital, 
etc. Pp. 223; 35 illustrations. London; Hutchinson & Co., Ltd., 1935. 
Price, 12/6. 

This small book gives the anesthesia essentials which the author has 
found valuable in teaching. Short chapters on the physiology of anesthesia 
precede chapters on anesthesia proper. Ether, cliloroform, ethyl cldorid 
and mtrous oxid are discussed separate^. The difficulties and dangers 
of anesthetic administration are pointed out and the author describes his 
methods for avoiding them. Short reference is made to the newer general 
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anesthetics: ethylene, cyclopropane and wnethene. Endotracheal anes- 
thesia is described in detail. The discussion of spinal anesthesia (percain 
and stovain) is interesting to American surgeons. A chapter on the choice 
of anesthetic agents deals largely witii the choice of the anesthetic in rela- 
tion to the operation, rather than the choice in relation to the patient. 

The book is too small to be considered anything more than a handbook 
for use in teaching anesthesia'to beginners. The ideas expressed are largely 
those of the English wewpoint, which differ in many particulars from those 
in' common usage in America. L. F. 


Anemias y Alimentaci6n. The Anti-anemic Principle of Liver and the 
Quahtative Factors of Foods (Vitamins, Ammo Acids, Iron and Cop- 
per). By Jose Sanchez Rodriguez, M.D. AVith a Foreword by 
Prof. Gregorio Maban6n. (Doctorate thesis, awarded the prize 
by the National Academj^ of Medicine, Spain, in 1935.) Pp. 165; 22 
illustrations. Madrid: Ediciones del Arbol, 1935. Price, 12 pesetas. 
The author first reviews the development of our knowledge of the nature 
and causation of the anemias. He emphasizes that a proper conception 
of the subject must be based on an understanding of the biochemistrj’’ of 
erythropoiesis, and offers a physiopathologic classification of the anemias. 
Turning then to a consideration of pernicious anemia, he takes up as his 
major problem an investigation of the nature of the antianemic factor of 
a concentrated and jiurified liver extract for parenteral administration. 
He concludes that his extract does not contain iron, copper, the hem- 
atopoietic amino acids, the fat-soluble vitamins A, D and E, the water- 
soluble vitamins Bj and C (thus differing vith Castle and others who 
sought to identify the antianemic factor with Bj). It does contain the 
antineuritic wtamin Bi in large amounts, but the failure of Bi to cure per- 
nicious anemia precludes it from being the antianemic factor. The author, 
therefore, concludes that one has to do with a new “ antianemic vitamin," 
derivable probably from various sources and stored in the liver. The work 
should be of great interest to hematologists. 

R. K 


Methods and IN'Iaterials of Health Education. By Jesse Feiring 
W iLLiAAis, M.D., Teachers’ College, Columbia University, and Fannie 
B. Shaw, M.A., University of Florida. Pp. 331; illustrated. New 
York: Thomas Nelson & Sons, 1935. Price, S1.65. 

In addition to tlje methods and materials of health education, the 
authors also discuss the philosophy of education in the light of the newer 
concepts of the child. Considerable space is devoted to the definition of 
terms in order to dispel the confusion wrought in the past by ambiguous 
or loose terminology in tliis field. Many of the older criteria of health, 
such as the height-weight standards, are dismissed and more adequate 
tests suggested. Many data and references are given to help the teacher 
to a clearer understanding of the physiologic and psychologic background 
of health and ^sease in the child. Several chapters on the problems of 
health in the school give an outline of the measures required for healthful 
school living. The final chapter is devoted to the health of the teacher. 
TATiile some important subjects are dismissed with mere mention, the 
authors usually refer to publications wdiere further details can be found. 
The problems of sex in relation to health education are not mentioned, and 
mental h 3 ’’giene is discussed in one paragraph. However, the book should 
be of value to those interested in the education of youth. S. H. 
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Diseases of the Skin. By Frank Crozer Knowles, M.D., Professor 
of Dermatologj’', Jefferson Medical College; Dermatologist to the Jeffer- 
son, the Pennsylvania, the Presb 3 d;erian and the Babies’ Hospitals, etc. 
Pp. 640; 240 illustrations and 11 plates. Third, edition, thoroughly 
rewsed. Philadelphia: Lea & Febiger, 1935. Price, S6.50. 

There are several higldy original features about this third edition which 
give it distinction among most American texts on dermatology. First, 
the large section devoted to general dermatology, of which 35 pages are 
devoted to treatment. This section also_ includes such newer subjects in 
pathology as blood grouping, the endocrines, red cell sedimentation tests 
and cUnical spectroscopy. Another distinctive feature is the freshness of 
the subject matter throughout the book, including such new and well- 
established entities as erythroplasis, tularemia, Habennann’s syndrome, 
carotinoid pigmentation, necrobiosis Hpoidica diabeticorum, ninth day 
erythema and the Senear-Usher syndrome. Corollary to this is the fresh- 
ness of the references to the literature in wliich those dated 1935 are con- 
spicuous. Illustrations are abundant and uniformly good. It is an ideal 
text for the medical student and the busy practitioner of general medicine. 

F. W. 


Clinical Diagnosis by Laboratory Methops. A Working Manual of 
Clinical Pathology. By Jajies Campbell Todd, Ph.B., M.D., Late 
Professor of Clinical Pathology, University of Colorado, School of 
Medicine, and Arthur Hawley Sanford, A.M., M.D„ Professor of 
Clinical Pathologj^, University of Minnesota (The Mayo Foundation); 
Head of Section on Clinical Laboratories, Mayo Clinic. Pp. 792; 
370 illustrations, 29 in colors. Eighth edition, thoroughly revised. 
Philadelphia; W. B. Saunders Company, 1935. Price, S6.00. 

The 8 editions that this book has achieved in 27 years are adequate 
evidence for the leading position that it has assumed in the field of clinical 
diagnosis. One of the most active specialties in medicine, it is constantl 5 >- 
producing new methods and utilizing advances in borderline subjects, and 
has even reached the position where its best practitioners must frequently 
urge caution in attaching too much importance to laboratory methods. 
It is no small praise to say that this edition has successfully kept abreast 
with these advances, E. K. 


Die Werke des Hippokrates. Herausgegeben von Dr. Med. Richard 
Kapferbr unter Mitwkung von ProE. Dr. Georg Stricker, Wiirburg. 
Book 11 (price, Rm. 8; pp. 103): Die Epidemischen Krankheiten (Die 
Volkskranklieiten) (The Epidemic Diseases (Diseases of the People)), 
1.-3. Book. Book 12 (price, Rm. 9.50; pp. 135); Die Epidemischen 
ILranklieiten (Die VoUcskranlieiten) (The Epidemic Diseases (Diseases 
of the People)), 4.-7. Book. Stuttgart: Hippokrates Verlag G.M.B.H., 
1934. (To be pubKshed in 25 parts, costing ca. Rm. 100, card binding.) 
These two sections include in 7 books the notes on epidemic diseases 
wliich Hippocrates prepared toward a treatise on epidemiology. They 
may be regarded as successors to his work on public hygiene, “Mr, Waters 
and Places” (Part 6 of this collection). It seems that in long visits to 
various islands and coastal tonns of the .d5gean Sea where he was favorably 
received, Hippocrates and his retinue of students made copious notes on 
“ wax tablets and leather sheets.” These about 323 b.c. reached the librarj’’ 
at Alexandria from which copies soon penetrated throughout the civihzed 
world._ As examples of the contents, in the first book t& “constitutions” 
and diseases of the town of Thasos are described in successive years, with 
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a section on 16 clinical histories; in the second, the diseases of Kranon and 
Perinthos are considered from both the indhddual and epidemiologic 
standpoint, while the third is a collection of 12 case histories, and so on 
through four more books. In spite of the unedited, rough character of 
the notes (especially in the fifth and seventh book) — sometimes even 
composed of ungrammatical sentences, as the translator and annotator, 
Strieker, points out— the disease pictures stand out so sharply that they 
can almost without exception be identified today. Littre’s text has been 
followed in the translation, \vith modifications as suggested by the studies 
of Ilberg and Kuhlewein, Wenkebach, and Rudolf Herzog. E. K. 


• NEW BOOKS. 

The Cerebrospinal Fhtitl and Us Relation to the Blood. A Physiological and 
Clinical Studj'. By Soi.omon Katzenelbogen, M.D., Associate in 
Psychiatry, in charge of The Laboratorj" of Internal Medicine, The 
Henry Phipps Pej^chiatric Clinic, The Johns Hopkins Medical School, 
etc. Pp. 4GS; 48 tables and 20 charts. Baltimore: The Johns Hopkins 
Press, 1935. Price, S5.00. 

The Parathyroids m Health and in Disease. By David H. Shbdung, 
B.Sc., M.D., The Johns Hopkins University and Hospital, Baltimore. 
Pp. 335; 26 illustrations. St. Louis: The C. V. Mosby Company, 1935. 
Price, S5.00. 

Neiu Pathways for Children loith Cerebral Palsy. By Gladys Gage Rogers, 
Director of Robin Hood’s Barn, A Camp School for Children with 
Cerebral Palsy, and Leah C. Thojus, Director of Therapeutics at 
Robin Hood’s Barn, etc. With Photographs by Newell Green. 
Pp. 167; 12 illustrations. New York: The Macmillan Companj’", 1935. 
Price, S2.50. 

Modern Office and General Practice. A Handbook of Practical Medicine. 
By Deane R. Brengle, M.D. Pp. 320; illustrated. Kingsport, Tenn.: 
Southern Publishers, Inc., 1935. Price, 83.25. 

Immunology. By Noble Pierce Sherwood, Ph.D., M.D., Professor of 
Bacteriology, University of Kansas, and Pathologist to the Lawrence 
Memorial Hospital, LavTence, Kans. Pp. 60S; 27 illustrations, 8 colored 
plates, and many tables. St. Louis: The C. V. Alosby Company, 1935. 
Price, 86.00. 

Verhandhingen der deutschen Gesellschaft fur Kreislaufforschung. Eighth 
Session. Herausgegeben A^on Prof. Dr. Eb. Koch, Bad Nauheim. 
Pp. 262; SO illustrations. Leipzig: Theodor Steinkopff, 1935. Price, 
Rm. 15. (ReAdew p. 280.) 

International Clinics. Vol. IV, Forty-fifth Series, December, 1935. Edited 
by Louis Hamman, M.D., Visiting Physician, Johns Hopkins Hospital, 
Baltimore, with 14 Collaborators. Pp. 331; illustrated; 2 colored plates. 
Philadelphia: J. B. Lippincott Company, 1935. 

The Patient and the Weather. Vol I, Part 1, The Footprint of Asclepius. 
By William F. Petersen, M.D. Pp. 127, lithographed; 94 illustrations. 
Ann Arbor: Edivards Brothers, Inc., 1935. Price, 83.75. 

Klinil: ^ind Therapie der allergischen Krankheiten. By Dr. Erich Urbach, 
Privatdozent fiir Dermatologic an der UniA^ersitiit Wien; I. Assistant 
der Universitatsklinik fiir GescMechts- und Hautkrankheiten in Wien 
(Vorstand Vrof. Dr. W. Kerl). Pp. 781; 302 illustrations (26 in 
colors) and 24 tables. Wien: Wilhelm Maudrich, 1935. Price, Rm. 30. 



NEW EDITIONS 


287 


Pollen Gi-aihs. Their Structure, Identification and Significance in Science 
and Medicine. By B. P. Wodehousb, Ph.D., Scientific Director of the 
Hajdever Laboratory, The Arlington Chemical Company, Yonkers, 
N. Y. Pp. 574; 123 illustrations, 14 plates. New York: McGraw-Hill 
Book Company, Inc., 1935. Price, S6.00. 

Donnees anatomiqiies en inie de la chinirgie reparatrice mammaire. By De. 
Claoue et I. Bernaed. Pp. 58; 36 illustrations. Paris: Librairie 
Maloine, 1935. (No price given.) 

Der Gehurtstod {Muller wul Kind). By Dr. Sigismund Peeler. Pp. 110; 

56 tables. Wien: Franz Deuticke, 1936. Price. M. 5. 

Royal Treatment in Cardiovascidar Disease. By Pierre Noel Deschamps, 
M.D. (Paris), Assistant Physician in Charge of the Cardiological Depart- 
ment, Lariboisiere Hospital, Paris. Pp. 108. Baltimore: William Wood 
& Co., 1935. Price, 82.00. 

The object of this book "is to make known to the English-speaking medical 
public the benefits to be derived from thermal carbon dioxide treatment,” which 
seem to the author to be fundamental in the treatment of disturbances of the 
heart and vessels. 

Hugh Given Thomas. His Principles and Practice. By D. McCrae 
Aitken, M.A., M.B., Ch.B. (Ed.), F.R.C.S. (Ed. and Eng.), Director 
of Surgery, Robert Jones and Agnes Hunt Orthopaidic Hospital; Senior 
Surgeon, St. Vincent’s Orthopsedic Hospital, etc. Pp. 96; 1 illustration 
and 8 plates. New York: Oxford University Press, 1935. Price, 84.25. 

Autobiography Sigmund Freud. Translated by James Strachey. Pp. 153; 
1 illustration. New York: W. W. Norton & Co., Inc., 1935. Price, 82.00. 

A Doctor’s Odyssey. A Sentimental Record of LeRoy Cruimner : Physician, 
Author, Bibliophile, Artist in Litdng, 1872-1934. By A. Gaylord 
Beaman. With a word in Memory by A. Edward Newton and numerous 
memoirs and appreciations. Pp. 340; 21 illustrations. Baltimore: The 
Johns Hopkins Press, 1935. Price, 82.50. 

NEW EDITIONS. 

Principles of Bacteriology. By Arthur A. Eisenbeeg, A.B., M.D., 
Director of Laboratories, Sydenham Hospital, New York, and Mabel 
F. Huntly, R.N., M.A., Director of Nursing, Wesson Memorial Hos- 
pital, Springfield, Mass. With aimotations and a section on Microbic 
Variations by F. E. Collen, M.S., Ph.D., Professor of Bacteriology, 
Vocational School, Milwaukee. Pp. 378; 90 illustrations, and 8 colored 
plates. Sixth Edition. St. Louis: The C. V. Mosby CompamL 1935. 
Price, 82.75. 

Infant Nutrition. A Textbook of Infant Feeding for Students and Prac- 
titioners of Medicine. By Wilijams McKim Marriott, B.S.. M.D., 
Professor of Pediatrics, Washington University School of Medicine; 
Physician in Chief, St. Louis Cliildren’s Hospital. Pp. 431; 27 illustra- 
tions. St. Louis: The C. V. Mosby Company, 1935. Price, 84.50. 

Diseases of Women. By Harry Sturgeon Ceossen, M.D., F.A.C.S.. 
Professor Emeritus of Clinical Gynecology, Washington University 
School pf Medicine; Gjmecologist to the Barnes Hospital, St. Louis 
Maternity Hospital, and St. Luke’s Hospital, etc., and Robert James 
Crossen, M.D., Instructor in Clinical Gjmecology and Obstetrics, 
Washington University School of Medicine, etc. Pp. 999; 1058 illus- 
trations, including 1 colored plate. Eighth Edition, entirely revised and 
reset. St. Louis: The C. V. Mosby Compaiw, 1935. Price, 810.00. 
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SURGICAL DISEASES OF THE PANCREAS. 

Not so many years ago the pancreas was thouglit to be practically 
unapproachable. Even as late as 1932, Heyn,' speaking of the treat- 
ment of hyperinsulinism, stated that the treatment was medical unless 
“increasing amounts of carbohydrate became necessary; then surgery, 
even if unsuccessful, must be tried” and that for the present “surgery 
appears not to be good enough,” This attitude was not universal as 
evidenced by the strildng results which we shall mention later, but 
there is rather generally still some apprehension regarding operative 
interference in diseases of the pancreas. 

During the past decade there has been a renewed interest in the 
surgical approach, to diseases of the pancreas. This has been chiefly 
concerned with the treatment of hj-perinsulinism. The strikingly good 
results in the condition of patients from whom adenomata of the 
pancreas have been removed indicate the importance of this form of 
therapy, "i^fliipple and Frantz^ report 19 cases operated on by 10 
different surgeons with no deaths, an indication that the mortality 
following this type of surgery need not be high. 

One reason for the caution in attempting surgical treatment .of 
pancreatic lesions lies in the anatomy and structure of this gland. 
Lying in the posterior portion of the abdomen in a retroperitoneal 
position, the pancreas is shielded from approach posteriorly by the 
great muscles of the back, the spine, the portal vein, the aorta, the 
left kidney and its vessels, and the pillars of the diaphragm. Thus 
it is seen that though the posterior surface of the pancreas is extra- 
peritoneal it is inaccessible from the posterior approach because of 
these important structures. The anterior approach is complicated by 
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the depth of the organ, its position behind the stomach, and its close 
association with the duodenum and spleen. 

The bloodvessels of the pancreas form a broad anastomosis, the 
branches of the celiac axis providing the major portion of the blood 
supplj^ the superior mesenteric supply the inferior pancreaticoduodenal 
and inferior pancreatic arteries. The gastroduodenal artery gives rise 
to the superior duodenal, the splenic artery to the superior pancreatic 
artery. The vessels form a circle about the pancreas. The blood 
supply of the pancreas is intimately associated with that of the duo- 
denum, the stomach and the spleen. The veins of the pancreas empty 
into the portal, superior mesenteric and splenic veins, the drainage 
being finally into the liver through the portal vein. The distribution 
of the vessels of the pancreas has been studied recently by Wharton.'* 

In addition to studjdng the gross distribution of the vessels, ^^Tiarton 
studied the finer branches and anastomoses witliin the pancreatic 
tissue. The arterial plexus is formed from the circle of vessels sup- 
plying the gland, a single artery entering a lobule and dividing to 
form a glomerular-like structure of a sinusoidal nature among the 
cells of the islands of Langerhans. From these sinusoids small vessels 
pass into the interacinar capillary network. It can be seen from 
Wharton’s^ description that the blood stream widens markedly, so 
that the islands of Langerhans are bathed in a slow stream of blood. 
In addition to the clear description of his own studies, Wharton reviews 
and discusses the work of earlier investigators on the blood supply of 
the pancreas. 

Besides the rich blood supply, another factor which commands 
gentleness of manipulation of the pancreas is its friable lobular struc- 
ture. When torn across, the pancreas presents potentialities of drainage 
of material with a high enzymatic content which can cause liquefaction 
and fat necrosis of the surrounding tissues. 

The external secretion of the pancreas, which is rich in digestive 
ferments, reaches the duodenum through the main duct, the duct of 
Wirsung, which traverses the entire length of the gland to join, as a 
rule, the common bile duct just proximal to the ampulla of Vater. 
Usually an accessory duct, the duct of Santorini, communicates wdth 
the main duct within the pancreas and empties into the duodenum at 
a point above the entrance of the main duct. There have been many 
variations noted in the ductal system of the pancreas. At times the 
accessory duct has no connection with the duodenum. When there 
is an obstruction at the ampulla of Vater the accessory duct may be 
the only functioning outlet and it is possible for all the external secre- 
tion to pass tlrrough it. 

The lymphatic drainage of the pancreas, according to Bartels,^ is 
into four groups of lymph nodes; 1, at the hilus of the spleen; 2, on 
the superior portion of the pancreas; 3, on the inferior surface of the 
pancreas; and 4, at the head of the pancreas. It is concerning this 
last group of nodes that much controversy, has arisen with regard to 
the etiology of acute pancreatitis.. It must be kept in mind that into 
these lymph nodes' drain not only the pancreas but also the spleen, 
stomach, duodenum and hepatic structures. 

The two surgical diseases of the panereas most commonly met with 
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are carcinoma, usually situated at the head, and pancreatitis. About the 
etiology of acute pancreatitis much has been written. The occurrence 
of acute pancreatitis in association with gall bladder disease for many 
years suggested that possiblj'- acute pancreatitis was the result of 
infection which 'had spread from the gall bladder to the pancreas 
through l^Tnphatic channels. Deaver and Pfeiffer,® Sweet,® and Graham 
and Peterman’ have presented evidence in its favor. Graham and 
Peterman injected bacteria into the portal vein and traced the infection 
from the liver to the gall bladder and thence by lymphatic extension 
to the nodes lying at the head of the pancreas. Inflammatory changes 
were also found in the pancreas. Kauffman® repeated some of the 
experiments of Graham and Peterman and confirmed the findings of 
lymphadenopathy in the nodes at the head of the pancreas but, except 
in cases where a blood stream infection or contact inflammation was 
present, formd no evidence of pancreatitis. Kauffman argues that 
the Ijnnphatic drainage is away from the area and the valves in the 
l;>Tnphatic channels would prevent baclcflow. His results would tend 
to deny the possibility of extension of infection in the gall bladder to 
the pancreas by Ijmiphatic channels, a concept which has for many 
years been quite generally accepted. It is only the occasional case in 
which pancreatitis is found not associated with signs of inflammatory 
process in the gall bladder. "^^Tiether or not the extension of inflamma- 
tion from the gall bladder to the pancreas by the lymphatics is the 
explanation of the etiology of acute pancreatitis, the association of 
inflammation in these two organs is too common to pass by without 
further proof that this theory is not tenable in some cases at least. 

The close association of the common bile duct and duct of Wirsung 
suggests the possibility of the passage of bile into the pancreas when 
the ampulla of Vater is obstructed. Many attempts have been made 
to produce acute pancreatitis experimentally by injecting bile into the 
ducts. Opie® produced pancreatitis by the injection of bile into the 
pancreatic ducts, but it was necessary to inject as high as 5 cc., which 
is enough to cause distention of the ducts and so introduce an added 
factor of trauma. Pancreatitis has been produced by the injection of 
bile salts into the pancreatic duct but this is not wholly physiologic. 
Archibald’® believes that it is the entrance of altered bile into the 
pancreatic ducts which produces the damage, normal bile causing but 
a transient edema. Other causes are advanced to explain inflammatory 
changes in the pancreas, notably trauma, action of digestive ferments 
in the pancreas and toxic changes following systemic disease. 

If the causes of acute pancreatitis are difficult to ascertain, the 
diagnostic criteria are even more difficult to determine. A careful 
perusal of the literature will emphasize that the diagnosis of an inflam- 
matory lesion of the pancreas is made more often at operation or 
necropsy than pre-operative. De Takats and MacKenzie” report 6 cases 
of acute pancreatitis, none of which was diagnosed prior to operation. 
In jMcWhorter’s’® series the diagnostic accuracy was 12%. Most 
. commonly the diagnosis of perforated peptic ulcer or acute cholecystitis 
is made. Most of the patients found to have acute pancreatitis Ijave 
had pre^'ious histories of abdominal pain and attacks described under 
the general term of indigestion, which may be interpreted as mild 
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attacks of pancreatitis or as evidence of conditions so frequently asso- 
ciated with acute pancreatic lesions. The pain associated with acute 
pancreatitis is, as a rule, severe enough 'to be prostrating, sudden in 
onset and, as a rule, persistent despite the administration of morphin. 
The most common position of the pain is in the epigastrium, though 
it has been reported as localized in every portion of the abdqmen and 
at times widespread. Pain in the back likewise has been reported, as 
well as in either shoulder blade. Generalized rigidity is common but, 
as a rule, it is not the boardlike rigidity of a perforated ulcer. Tender- 
ness, like the pain and rigidity, varies as to intensity and position. 
Vomiting is practically always present and is difficult to control. 
Early in the attack the temperature may be normal or subnormal, but 
it usually rises later. The white blood count is increased from 15,000 
to 30,000. The blood sugar may be elevated and sugar may appear in 
the urine, but this is not common. The determination of amylase in 
the urine‘s and in the serum’^ is said to be diagnostic. These tests 
are seldom carried out and, due to difficulties of standardization, have 
not become popular. There appears to be a sound basis for the appli- 
cation of these tests in suspected cases since damage to the pancreas 
has been shown to cause a marked rise in serum and urinary diastase 
(personal observations). If the amylase determinations are to be wortli 
much they must be carried out early in the course of the disease as 
after a rather short period, 1 to 3 days, normal values vdll be found. 
The Cammidge and Loewi tests, described as diagnostic tests for 
pancreatitis, are more difficult to explain on a rational basis. 

Aspiration of the abdominal cavity has been suggested as a diag- 
nostic measure, the finding of “beef broth” fluid being stated by 
Forbes'® to be diagnostic. This procedure is not without hazard and 
the abdominal fluids found at operation have not been uniform in 
consistency or color. 

The cause for the small number of cases diagnosed correctly before 
operation is not far to seek when one considers the variations in the 
clinical picture. The symptoms are likely to lead to a diagnosis of 
one of many acute abdominal inflammatory processes and the diagnosis 
is more likely to be made if the signs and symptoms of the condition 
most suspected are not clearcut. 

In regard to treatment, most surgeons operate and drain the pancreas 
as early as possible. This feeling is not held universally, since Eliason 
and North'® and hCkkelson'® advise palliation. The mortality of the 
cases operated on is quite high — approximately 60%. Mikkelson 
reports a mortality of 7.5% in a series of 39 cases. It is difficult to 
determine the mortality of cases not operated on due to the difficulties 
of diagnosis, so that many may be diagnosed acute pancreatitis which 
are not definitely proven. The major difficulty in conservative treat- 
ment lies in the exclusion of perforation of a hollow viscus, since it 
might prove fatal to delay operation in these cases. The operation, 
as a rule, consists of drainage of the pancreas or an abscess if present. 
Drainage of the gall bladder or common duct is also ad^'ocated. 

Acute pancreatic inflammatory lesions, whether they be of infectious 
nature or due to vascular changes in the pancreas, present symptoms 
of a severe nature which direct immediate attention to them and sug- 
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gest the serious nature of the illness. That the pancreas may undergo 
mild inflammatory changes with repeated recurrences is a possibility 
that has long been evident in medical and surgical thought. Many of 
the cases of so-called chronic pancreatitis have never been proven to 
have true inflammatory lesions of the pancreas. It is rather hard to 
determine the type of chronic inflammatory lesion which could cause 
the smoldering tj’pe of symptoms associated with this entity. Let it 
be said at the outset that those who speak of chronic pancreatitis do 
not have in mind any of the chronic granulomatous lesions, but think 
generally in terms similar to those associated with chronic appendicitis, 
a condition which many feel does not e.xist. The presence of fibrosis 
alone cannot be taken as evidence of chronic inflammation, but rather 
evidence of a previous acute inflammation or of vascular changes. 
The diagnosis of chronic pancreatitis is usually made at operation by 
feeling the head of the pancreas. If it feels larger and firmer than is 
usually considered “ normal,” in the presence or absence of gall bladder 
disease or a dilated common duct, this diagnosis is apt to be made. 
This bgsis of diagnosis is generally considered as the most convincing 
but the diagnosis depends on the experience of the surgeon and his 
ability to ascertain by the sense of touch actual changes in the head 
of the pancreas. 

Gruber,'^ in a discussion of chronic pancreatitis, (Henke and 
Lubarsch^®), states that the entire pancreas may be as hard as carti- 
lage and yet show no evidence of acute or chronic inflammation. He 
quotes Heiburg as stating that it is impossible to determine the - 
presence of chronic inflammation in the pancreas without examination 
microscopically. He further states that in reply to a questionnaire 
directed to surgeons by Guleke, it was found that some surgeons had 
seen but 10 to 20 cases in a 14-year period, one reported as many as 
400 cases, and yet another stated that he had observed "numberless” 
cases. 

De Tarnowsky and Sarma'® state that the symptoms are in general 
those of biliary tract stasis. It is evident that the enlargement of the 
head of the pancreas may be considered as an associated phenomenon 
with lesions in contiguous or nearby structures. This \dewpoint does 
not exclude the occurrence of a similar train of symptoms resulting 
from partial obstruction to the outflow of pancreatic juice or changes 
brought about in the parenchjnna of the gland due to arteriosclerotic 
changes or prolonged general diseases. The question of so-called 
chronic pancreatitis is one which requires critical work and thought 
to determine the anatomic and physiologic basis for such an entity. 
The term pancreatitis refers to a pathologic process, the adjeetive 
“chronic” refers to the nature of the clinic course. It is necessary 
in order to clarify our thoughts on this subject to separate the con- 
notations of this term and to separate as nearly as possible those cases 
which are primarily pancreatic in origin from those in which the pancreas 
is either secondarily involved or actually not involved at all. 

Pancreatic lithiasis, cysts and traumatic rupture of the pancreas are 
fortunately uncommon. The diagnosis of pancreatic duct stone is, as a 
rule, made from Roentgen findings. The stones having a definite 
calcium content are radiopaque but may be vTongly interpreted as 
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calcified lymph glands. Ackman and Ross^® review 54 cases and 
stress the varied symptomatology associated with pancreatic lithiasis. 

With regard to rupture of the pancreas, Venabl^^ reports 4 cases 
and presents observations gleaned from his own experience and a 
re%'iew of the literature. In general the problem is similar to that of 
rupture of other intraabdominal solid viscera and early surgical inter- 
vention is required. The early symptoms are likely to be more severe 
than is the case with rupture of other intraabdominal viscera. 

The clinical features of inflammation of the pancreas offer many 
difficulties. The signs and symptoms, and even the elassification of 
the pathologic processes, afford difficulties which defy any clearcut 
description. The symptoms which are associated with tumors of the 
islet tissue, however, are more readily understood and lend themselves 
more clearly to definition. These are in the main similar to those 
symptoms so commonly known by all who have had experience with 
insulin therapy. The conditions resulting from insulin overdosage have 
been common Imowledge since the discovery of insulin by Banting and 
Best^^ in 1922, and the description of Banting and his associates"^ of 
the symptoms of "insulin shock.” The concept that if the islands of ' 
Langerhans might be deficient in the production of insulin, so also an 
excess of this material might be elaborated bj’^ them, was presented 
by Seale Harris^^ a little over a year after the discovery of the active 
principle of the islands of Langerhans in a paper entitled " Hyperinsulin- 
ism and Disinsulinism,” 

Since Harris’ paper numerous reports have appeared dealing with 
this subject. In recent months a most thorough review of the surgical 
aspects of hypersecretion has been presented by ‘V\ffiipple and Frantz.^ 
Not only do these authors reHew the literature in a thorough and 
interesting manner, but also present a series of 6 cases with excellent 
results from operative intervention. 

Jt is interesting that all of the patients reported by "VSffiipple and 
Frantz were seen in the Neurological Institute where they were sent 
because of nervous disturbances. These consisted of spells of uncon- 
sciousness, somnolence, mental confusion, sweating, dizziness, giddiness, 
disorientation, diplopia and amnesia. Personality changes occurred in 
several. In all, there were found low blood sugar values even as low 
as 25 mg. per 100 cc. The symptoms were relieved after the adminis- 
tration of glucose, with the resultant increase in blood sugar. In all 
the cases a pre-operative diagnosis of islet cell tumor was made, and 
at operation one or more of these tumors were found. In one case after 
the removal of one tumor the patient’s blood sugar remained low and 
it was necessary to reoperate and remove another tumor which had 
been overlooked at the first operation. The authors call attention to 
the fapt that it is necessary to examine the pancreas carefully for other 
nodules, even though one is found. All these patients were relieved 
of their sj^ptoms and their blood sugar values returned to and remained 
at normal levels. 

^ It must be pointed out that the finding of a low blood sugar in asso- 
ciation uuth neurologic symptoms or mental aberrations is not suffi- 
cient for the diagnosis of hjqjerinsulinism resulting from islet cell tumor. 
Wauchope^^ classifies the conditions which produce hj'poglycemia, in 
addition to excess of insulin as follows: 1, lack of opposing secretions 
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due to disease of the adrenals, pituitary, or thjToid gland; 2, lack of 
glycogen due to destruction of reservoirs, as in disease of the liver, 
wasting of muscles; abnormal excretion of sugar, as in renal diabetes 
or lactation; active depletion of stores, as in muscular exercise, and 
failure to replenish stores, as in starvation; 3, interference witli the 
regulating center, as in disease affecting the pons or overaction of the 
vagus. It is, therefore, necessary to rule out causes other than excess 
of insulin before an operation for the removal of an adenoma of the 
pancreas is considered. Common conditions suspected in the cases of 
adenomata of the pancreas reported in the literature are epilepsy, 
drunkenness, brain tumors and encephalitis. One of the patients 
reported from the Barnes Hospital, where the experience with hyper- 
insulinism has been quite extensive, was thought to have epilepsy 
another was thought to have a brain tumor."^ One patient, operated 
on in our clinic and in whom adenoma was found, was sent to the 
neurosurgical service with the suggested diagnosis of a brain tumor 
(to be reported by Ravdin and Lukens). One of Whipple’s patients, 
as Avell as one reported by McClenahan and Norris,-® was thought to 
have had encephalitis. 

Seale Harris^® points out that the incidence of hj'perinsulinism is 
greater than it is ordinarily thought to be. The severe cases presenting 
striking pictures and relieved by surgery certainly do not constitute the 
entire number of cases. Harris believes hjqjoinsulinism to be almost 
as common as diabetes. Of 3000 cases, he reports 500 cases of diabetes 
and 250 of hypoglycemia. Many patients have only mild symptoms 
and can be controlled entirely by diet. In a later paper Harris®® points 
out that often the symptoms simulate various forms of gastro-intestinal 
disease. 

The best results following surgical removal have been obtained in 
those patients in which adenomata have been found. Cases in Avhich 
carcinomata have been found®^’ and in which metastases also were 
found were not helped by operation. The exact nature of the tumors 
removed from the pancreas, in the cases which obtained relief from 
their symptoms, is in most instances difficult to determine. Some tumors 
were well encapsulated but many were not. The structure of the masses 
removed from the 5 cases studied at Barnes Hospital has been reported 
by O’Leary and Womack.®® But one of these tumors had malignant 
characteristics. 

Following the removal of a tumor, from the pancreas of a case to be 
reported by Ravdin and Lukens, an attempt was made to transplant 
some of the tissue into a diabetic with the hope that the cells would 
proliferate and reduce the insulin requirements of the recipient. The 
graft, however, was not successful. Tissue cultures were also made of 
the tissue in the hope that after cultivation a transplant could be 
effected, but these were likewise unsuccessful. A similar thought was 
evident in association with the cases of Whipple and Frantz,® as Murray 
and Bradley®^ reported attempts similar to ours. Direct transplanta- 
tion of tissue from one patient to another has proven to be futile in the 
majority of instances. According to the work of Stone, Owings and 
Gej'®® on cultivation and transplantation of parathyroid tissue, the 
best chance of a successful transplant seems to lie in the transplantation 
of cultured tissue. "N^ffiether islet cells transplanted in this manner 
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will prove successful in alleviating the need for insulin therapy is 
problematical but it deserves further study. 

Isolated tumors of islet tissue have not been found at operation in 
all reported cases of hjTrerinsulinism. Wiipple and Frantz^ emphasized 
the difficulties of finding adenomata, especially where the tumor lies 
within the substance of the pancreas. It is possible that in some 
instances tumors are overlooked even after a most careful search. 
In many of these cases a portion of the pancreas has been removed, 
but the results have not been gratifying. Except in a few cases the 
symptoms have returned following operation. Holman and Railsback®® 
suggest that in order to be effective, four-fifths of the entire pancreas 
should be removed. 

The removal of a portion of the pancreas or the excision of an ade- 
noma is a surgical procedure of major proportions and tire operation 
should be considered with some circumspection. The mortality fol- 
lowing removal of adenomata of the pancreas, however, has been 
negligible. ^NTiipple and Frantz- attribute tins to the skill of the sur- 
geons who have attempted the operation, and not to the simplicity of 
the operation itself. The low mortality will probably not be maintained 
as the popularity of the procedure increases. The importance of the 
experience and skill of the surgeon is emphasized by elective procedures 
carried out on the pancreas. 

Within recent years successful attempts have been made to remove 
carcinoma of the ampulla of Vater by Parsons and Mullins®’' and 
Walters.®® Surely this is not a procedure for the novice. Carcinoma 
of the ampulla of Vater produces suffering and mortality due primarily 
to obstruction. The growth is, as a rule, slow and metastases are late. 
Selected cases in the hands of a competent surgeon are offered relief 
from this all too common disorder by resection of the growth and con- 
tiguous structures. In the past these cases have been relieved of 
obstruction by cholecystogastrostomy or cholecystoduodenostomy, a 
purely palliative procedure. Permanent relief to patients suffering 
from this disturbance which heretofore has been considered hopeless 
seems now to be within the scope of surgical therapy if seen early. 

I. S. RaVDIN, M.D., AND 
C. G. Johnston, M.D. 
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OCULAE LESIONS IN DIABETES MELLITUS. 

The four most commonly considered ocular complications of diabetes 
mellitus are; 1, transient changes in- refraction; 2, cataract; 3, retinitis, 
and 4, toxic amblyopia. The transient changes in refraction seem to 
have about the same frequency under insulin as under purely dietary 
therapy, but are not of serious import. It seems necessary to distin- 
guish betv'een true diabetic cataracts and senile or presenile cataracts 
occurring in the diabetic. The incidence of true diabetic cataract seems 
to have decreased since the use of insulin. Cases of toxic amblyopia are 
also seen less frequently in the group of diabetics now under careful 
management. Lipemia retinalis is rarely seen now. However, the 
incidence of retinitis in diabetics has apparently increased in recent 
years. Even though this apparent increased incidence is attributed, 
as it probably should be, to the increased duration of the life of diabetics 
under insulin therapy, the problem of diabetic retinitis is becoming more 
vital to all patients with diabetes because of the serious loss of vision 
in many cases. The factor in the disease wdiich is directly responsible 
for the retinitis has not as yet been determined. It has not been con- 
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clusively demonstrated that the present methods of treatment prevent 
the onset or control the progress of diabetic retinitis. Folk and Sosldn^ 
believe that proper control of the diabetes along present lines is effica- 
cious, but Gray^ states, on the other hand, that control of the diabetes 
is without effect on the retinal lesions. Because of this uncertain status 
of the retinal complications, several extensive studies of the eyes in 
diabetics have been carried out in recent years. I^ffiile no definite 
conclusions have been reached in any of these studies, it would seem 
wortdr while to review the data obtained, particularly in the investiga- 
tion carried out by Waite and Beetham.® 

A number of different types of retinitis have been described in asso- 
ciation vdth diabetes mellitus. It seems quite probable that all these 
tjqjes, from the central punctate retinitis of Hirschberg to the retinitis 
with marked disease of the veins and retinitis proliferans, represent 
progressive stages of the same initial lesion, complicated in some in- 
stances by changes associated with hypertension and arteriosclerosis and 
in the eases of hemorrhages into the vitreous and retinitis proliferans, 
possibly with the added factor of tuberculosis or of focal infection as 
pointed out by Gray. It is true, as pointed out by Folk and Soskin, 
that the small, punctate, deep hemorrhages in the retina and central 
punctate retinitis are usually associated with minimal, if any, visible 
changes in the retinal arterioles, and often occur in cases of diabetes 
without demonstrable vascular complications. Arteriolosclerosis is 
constantly assuming more importance in diabetes. It is probable that 
the occurrence of these retinal lesions is in itself evidence of vascular 
disease in the capillaries and probably on tire venous side of the capil- 
lary loop. Also it can readily be demonstrated that other vascular 
complications are much more frequent in diabetic patients rvith retinitis 
than in those rvithout retinitis. Thus, in the series reported by Wagener, 
Dry and Wilder,^ the blood pressure was found to be elevated in 66% of 
diabetics with retinitis and in 46% of those without retinitis. A diag- 
nosis of disease of the arteries or kidneys was made in 84% of the patients 
with retinitis and in 53% of those without. Diabetic neuritis, usually 
thought to be of vascular origin, was present in 25% of the group with 
retinitis, and in 8% of those without. Again, Gray found the general 
incidence of diabetic retinitis to be 13%, but retinitis was present in 
40% of his patients with gangrene of the extremities. 

Gray made a study of the intraocular arterial pressure by the 
dynamometer method of Baillart in 62 cases of diabetic retinitis. His 
findings were not uniform or conclusive. The pressure was normal in 
8 cases, low in 20, and high in 34. 

Waite and Beetham® have attempted to correlate various individual 
features of the retinitis with certain factors in the general disease. Thus 
the ineidence of deep retinal hemorrhages, the feature most common 
to all cases of retinitis in diabetes, was found to increase definitely with 
increase in the age of the patients and with increase in the degree of 
retinal arteriosclerosis. That the occurrence of hemorrhages was not 
due directly to arterial hypertension was shown by the fact that con- 
siderably more than half of them occurred in patients nnth blood pres- 
sures within the normal and high normal range. There was no obvdous 
causative relationship between renal disease and hemorrhages in the 
retina, since only 6% of the patients with hemorrhages showed blood 
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non-protein nitrogen values of over 44 mg. %. Yet only 18% of the 
patients -with non-protein nitrogen values in the blood of less than 
35 mg. % showed hemorrhages in the retina, while hemorrhages were 
present in 30% of the diabetics with non-protein nitrogen above 
50 mg. %. All these facts indicate the higher incidence of hemorrhages 
in diabetes with complicating vascular and renal disease. 

The relationship between hemorrhages in the retina and duration of 
the diabetes is quite definite. Thus hemorrhages were found in 6% of 
the cases of 1 year’s duration, and in 20% of the cases of 5 to 10 years’ 
duration, while the average age of the patients was approximately the 
same in each group. Hemorrhages were present in 43% of the cases of 
10 to 15 years’ duration and in 59% of the cases of over 15 years’ dura- 
tion. Thus there is a definite increase in the incidence of hemorrhages 
wdth increased duration of the diabetes disproportionate to the increased 
age of the patients. 

That the use of insulin is apparently not a factor in causing the hemor- 
rhages is shown by the fact that only 1.7% of the patients with hemor- 
rhages in the retina were taking 50 units or more of insulin daily, while 
4.5% of the total group of diabetics were using this amount. 

No obvious relationship could be demonstrated between hemorrhages 
and blood calciiun or blood sugar levels. Blood calcium was estimated 
in 9 patients with hemorrhages. It was slightly below normal in one. 
Only 7% of the patients with hemorrhages showed fasting blood sugars 
of over 300 mg. %. 

Waxy exudates occurred in about 10% of the diabetics examined. 
Their incidence increased with the age of the patients, a sharp increase in 
incidence being noted in patients over 50 years of age. The exudates 
also increased in frequency with greater duration of the diabetes, being 
present in approximately 10% of the cases of 5 to 10 years’ duration, in 
30% of the cases of 10 to 15 years’ duration, and in 40% of the cases 
of more than 15 years’ duration. They may arise through hyalinization 
of deep retinal hemorrhages. 

Hemorrhages in the nerve fiber layer of the retina apparently have 
no characteristic incidence in diabetics. They were found in 5% of the 
patients, and 83% of them were found in association with the character- 
istic deep hemorrhages. It is interesting to note that in diabetes their 
incidence increased with increase in the age of the patients, while, in 
the gronp of non-diabetics selected for comparison, their incidence 
decreased with increase in the age of the patients. Cotton-wool patches 
likewise showed a rising percentage by decades of life in the diabetics, 
and a falhng percentage in the non-diabetics. They were found in 4% 
of the diabetics examined. Their occurrence was not related apparently 
to increased non-protein nitrogen in the blood. Apparently, their rela- 
tionship to arterial hjqiertension and the relationship bet^veen retinitis 
and fat metabolism was not studied. 

It would seem that the only definite conclusion to be drawn from 
these studies of Waite and Beetham is that the duration of the diabetes 
is more definitely a factor in the causation of retinitis than is its severity. 
It still seems impossible to say what feature of the diabetic disease 
accounts for the greater frequency of deep retinal hemorrhages in 
diabetics than in non-diabetics of similar age groups. Waite and 
Beetham think that “ all e\4dence points to the capillaries as the source 
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of these hemorrhages .... We should seek more information about 
the physiology and pathology of the retinal capillaries, about their 
normal and abnormal hydrodynamics, about glycogen deposits which 
are known to affect other ocular tissues, about the normal and abnormal 
permeability of capillary walls, about thromboses which may form 
Avithin them, and about toxins which may affect them adversely.” 

Waite and Beetham found in 31 of their 2002 diabetics (1.5%) pre- 
retinal hemorrhages or proliferation of vessels and connective tissue in 
the retina and Autreous. All of these patients Avere OA^er 40 years of age, 
21 of them Avere between 40 and 60. In 83% of this group there Avas 
marked disease of the retinal arteries and veins, AAdhch latter might be 
the source of the hemorrhages. The diabetes Avas severe in only a small 
percentage of the cases. The use of insulin was not connected AAuth their 
deA'elopment, and iodids Avere thought to be harmful. The prognosis is 
poor. Careful diabetic management does not check their progress. 

The role of diabetes in the etiology of retrobular neuritis or toxic 
amblyopia is open to considerable question. ScA-eral j’^ears ago, Francis 
endeavored to shoAV that ketosis Avas responsible. This has not been 
proA^ed. The lesion may be arteriosclerotic in character. Waite and 
Beetham found 7 cases among their 2002 diabetics. All the patients 
were more than 52 years of age and shoAved considerable retinal arterio- 
sclerosis. They believe, hoAvever, that the amblyopia is really due to 
tobacco, to which the diabetics are particularly susceptible. 

The transitory changes in refraction to Avhich the diabetic is subject 
at the onset of the disease and upon the initiation of treatment are of 
considerable interest. They are of importance, inasmuch as the occur- 
rence of a rapid change in refraction Avithout visible eAudence of ocular 
disease should suggest the presence of diabetes and inasmuch as it is 
never wise to prescribe glasses during the early phase of diabetic man- 
agement Avhen there is likelihood of rapid shifts in blood sugar leA^els. 
HimsAvorth® states that transient myopia occurred as an initial symp- 
tom in 49% of 47 cases under 45 years of age, and in 23% of 53 cases 
oA'^er 45 years, an average of 34%. In studying the refraction of patients 
AA'ho were starting a course of diabetic management, Granstrom^ found 
increased hyperopia in 57 of SO previously untreated cases, and in only 
7 of 38 AAho had had previous periods of diabetic treatment. The explan- 
ation of these changes probably lies, as suggested by Duke-Elder, ^ in 
the change in the index of refraction of the lens, due to the upset in 
osmotic balance between the chlorid content of the lens and that of 
the aqueous Avhich occurs along AAuth rapid shifts of the sugar and chlorid 
content of the blood. Waite and Beetham noted transient changes of 
refraction in only 6% of their patients, but this percentage was on the 
basis of history alone, since all their cases Avere not refracted under 
cycloplegia. They Avere able to demonstrate a Aveakness of accommoda- 
tion in 40% of the 58 patients Avith transient hyperopia who were under 
50 years of age, AAdiile in the entire group of diabetics, 21% showed 
demonstrable AA'eakness of accommodation. Both these conditions 
tended to disappear under proper diabetic regimen. 

Waite and Beetham made extensiA'^e slit-lamp studies of the cornea, 
iris^ and lens. The incidence of arcus senilis Avas the same in diabetics 
as in non-diabetics. Wrinkles in Descemet’s membrane of the cornea 
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were found to increase with the age of the patient but were present in 
26% of the diabetics as against 10% of the non-diabetics. In diabetics 
the winkles were found to appear earlier and to be more numerous in 
the indi^^dual eye. Among the diabetics, winkles were found in 60% 
of the gangrene cases, in 51% of the deep retinal hemorrhage cases, and 
in 43% of the diabetic neuritis cases. 

Depigmentation of the iris was found in 6% of diabetics as compared 
with 2% of non-diabetics. This is probably due to a more facile release 
of pigment from the uveal tract of the diabetic as can be demonstrated 
by massaging the ej>^e during slit-lamp examination or on opening tlie 
anterior chamber surgically. Correspondingly, pigment deposits were 
found on the posterior surface of the cornea in 11% of diabetics and in 
5% of non-diabetics. A possible cause of this may be damage to the 
iris pigment epithelium through selective glj’-cogen storage. Histo- 
logically, Waite and Beetham have been able to demonstrate “ abnoi'mal 
glycogen deposits in the retina and optic nerve, in the epithelium of the 
lens capsule, and especially in the pigment epithelium of iris and ciliary 
body, which may show an increase of manj’- times its normal thickness 
due to glycogen alone.” 

It is of interest that among their 2002 diabetics, Waite and Beetham 
found 10 patients witli Ai-gjdl-Robertson pupils, in 5 of whom no eH- 
dence for the diagnosis of syphilis could be elicited. 

The results of Waite and Beetham’s slit-lamp examinations of the 
lenses of diabetics and non-diabetics are of considerable interest in that, 
in patients over 20 years of age, opacities were found by the slit-lamp 
in 50% of diabetics and in 57% of non-diabetics. This would seem to 
refute the usual assumption that cataract occurs more frequently in 
diabetics. Among 297 juvenile diabetics, 11 patients with “flocculi” 
cataracts were found (4%). These are the supposedly typical diabetic 
cataracts but they seem to be indistinguishable from the cataracts of 
parathjToid tetany, scleroderma or myotonic dystrophj''. In half of 
these patients, the diabetes was poorly controlled at the time of observ- 
ation, but in the other half the opacities appeared and progressed in 
spite of most satisfactory control of the diabetes. 

Carey and Hunt^ report a study on the chemical nature of cataract 
in the diabetic in the course of wliich they analyzed for cholesterol, 
total calcium and total non-lipoid phosphorous 10 normal lenses, 13 
cataractous lenses of diabetic patients (not the juvenile flocculi catar- 
acts), and 30 cataractous lenses of non-diabetic indi^dduals. They found 
that the normal lens contains approximately 400 mg. % cholesterol, 
9.5 mg. % calcium, and 16.5 mg. % phosphorus. The cataractous lens 
contains 522 mg. % cholesterol (20% more than tire normal lens), and 
31 .6 mg. % calcium (three times normal lens or blood) . The cataractous 
lens of the non-diabetic contains 19.7 mg. % of phosphorus (slightly 
more than normal), but the cataractous lens of the diabetic contains 
6.2 mg. % phosphorus (less than half the normal). They state: “The 
cataract forming in the eye of the diabetic appears chemically to be 
the classical senile cataract in all respects save one. The phosphorus 
metabolism is markedly difl’erent. What importance this has one does 
not know at present.” 


Henry P. Wagener, M.D. 
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A Bloodless Method for Continuous Recording of the Peripheral 
Circulation and its Application in Physiology and Pharmacology. — 
Hans Molitor and Michael Kniazuk (Merck Institute of Thera- 
peutic Research, Rahway, New Jersey). A bloodless method for 
studying of the peripheral vascular circulation is described, based on 
on the principle of simultaneous recording of surface temperature and 
light transmission through the skin. A rabbit’s ear is placed between 
a steady source of light and a photocell. Vasodilation decreases the 
amount of light transmitted through the skin and consequently lowers 
the current output from the photocell; the opposite effect takes place 
during vasoconstriction. In order to differentiate between active hyper- 
emia and passive congestion, the surface temperature of the area under 
observation is measured thermoelectrically. During active hyperemia 
the skin temperature is increased, while during passive congestion it 
remains either unchanged or is lowered. The current fluctuations pro- 
duced by the photocell and the thermocouple are continuously recorded 
on a paper kymograph. The method is not only useful for the analysis of 
vasoconstricting or dilating drugs but can also be applied to the investi- 
gation of local and general anesthetics and sedatives, based on the obser- 
vation that the ear vessels of the rabbit respond with vasoconstriction 
to almost any type of mechanical or sensory stimulus, whether applied 
to the ear or ether parts of the body. 


The Effect of Combination with Diazo Compounds on the Immuno- 
logical Reactivity of Antibodies. — Harry Eagle, Dorothea E. Smith 
and Percy Vickers (Laboratory of Bacteriology, University of Pennsyl- 
vania) . Sufficient coupling with diaxo compounds eventually destroyed 
the reactivity of all the antisera here studied. This was due to the 
progressive and simultaneous decrease in the reactivity of all the anti- 
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body molecules, rather than the inactivation of an increasing proportion 
of molecules. The rate of inactivation ^’aried considerably among the 
several antisera. By stopping the reaction at intervals, it was possible 
to prepare partially inactivated antisera of peculiarly modified reactivity. 

Thus, the flocculating activity of diphtheria antitoxin with toxin was 
completely destroyed long before there was any demonstrable impair- 
ment of its protective ti'ter in vivo. The first change induced in anti- 
pneumococcus horse sera was the complete loss of reactivity with the 
capsular carbohj'^drate at a time when the agglutinating, animal-protect- 
ing, and complement-fixing activities of the sera were only slightly 
affected. On fm’ther coupling, the sera no longer caused visible agglu- 
tination; but aggregation of the serum-treated baeteria could be induced 
by centrifugation. Still further coupling destroyed all antibody activity. 

Rabbit antisera to egg albumin and horse serum no longer precipi- 
tated the homologous antigen after treatment with diazo compounds, 
due to their failure to combine with the antigen. The hemolytic, com- 
plement-fixing and lipoid-flocculating activities of coupled rabbit anti- 
sera to sheep red blood cells fell off in parallel; the hemagglutinin seemed 
somewhat more resistant. The reagin of syphilitic serum was destroyed 
almost instantaneously by comparatively small amounts of diazo com- 
pounds. Finally, in the case of antitj^ihoid agglutinin, the isoelectric 
point of the coupled antibody, measured on the surface of specifically 
sensitized bacteria, was found to shift from an original value of pH 4.7 
to one of less than pH 2.7 as progressively more sulfanilic acid radicals 
added on to the antibody molecule. 

The groups in protein which participate in its reaction with diazo 
compounds probably include aliphatic amines, the imidazole ring of 
histidine, the indole group of trjTJtophane, the NH of proline and hy- 
droxyproline, and the phenolic group of tjTOsine. The properties of the 
coupled antibody suggest the extent to whieh these groups participate 
in the combination of antibody ivith antigen, and the extent also to 
which they may be responsible for the charaeteristic properties of the 
antigen-antibody compounds. 


The Behavior of Polymorphonuclear Leukocytes Outside the Blood- 
Vessels. — E. R. Clark and E. L. Clark (Laboratory of Anatomy, 
University of Pennsylvania). Polymorphonuclear leukocytes were 
studied microscopically in the living animal, in the transparent tails 
of Amphibia and in transparent chambers installed in rabbits’ ears, 
where they were observed in circulating vessels, in the act of migrating 
through vessel walls, in the outside tissue and in the interior of blocked 
lymphatics. 

The process of emigration of individual leukocjh;es from bloodvessels 
was the same in Amphibia and mammal. Polymiorphs which emigrated 
following endothelial changes, in the absence of any localized focus of 
attraction in the tissue, moved around rapidly at random for the first 
24 hours, after which they became more sluggish and finally, after 4 to 
6 days, rounded up and remained motionless. In the rabbit, phago- 
cjhosis of such rounded cells by macrophages was observed. 

In microinflammations produced by injecting dilute croton oil into 
tadpoles’ tails, poljnnorphs observed continuously in the liUng were 
seen to migrate toward the croton oil, to become stationary at a short 



PHYSIOLOGY 


303 


distance from it, to lose tlieir granulation and send out fine processes, 
while still retaining their poljTnorphic nuclei. In specimens fixed and 
stained at this stage, 95% of the leukocytes in the inflammation area, 
exclusive of macrophages, were polymorphonuclear. Folloudng extru- 
sion of the oil, the poljunorphs, after temporarily resuming their 
amoeboid form, again became stationary in a rounded form. In speci- 
mens fixed in this later stage (24 to 48 hours), counts of leukocytes, 
exclusive of macrophages, showed 75% to be mononuclears. Disinte- 
gration of leukocytes was limited to a few cells. Observation of all the 
connective-tissue cells and endothelial nuclei of the entire area of inflam- 
ation over periods of 40 hours excluded the possibility of the trans- 
formation of such cell^ into any form of leukocyte and continuous 
observation of all the surrounding bloodvessels failed -to show any 
secondary emigration from the blood stream. Furthermore, in a 
number of experiments individual polymorphs were watched continu- 
ously and the rounding up of these cells and the subsequent coalescence 
of their nuclear material into a mononuclear form was followed with 
camera lucida records. 

In the rabbit, some polymorphs were observed to enter blocked 
Ijmiphatics following emigration from a nearby vein, where they fre- 
quently remained corralled in the bulbous end of a lymphatic for weeks 
with no subsequent emigration of fresh leukocytes from the blood 
stream. I^firen the same group of imprisoned cells was followed from 
day to day, the leukocytes which were at first easily identifiable as 
polymorphs, gradually assumed a rounded form with round nuclei, lost 
their granulations, and became smaller. When such specimens were 
fixed and stained the cellular contents of such a blocked lymphatic had 
the picture of a “round-cell infiltration.” 

The changes observed in poljunorphs, which remained for some time 
outside the blood stream, into round mononuclear cells was evidently 
a simulation of, rather than a true transformation into, monocytes or 
lymphocytes, since the behavior of such changed leukocytes and the 
fact that they were frequently phagocytized by macrophages showed 
them to be partially degenerated cells. However, the strong resemb- 
lance of collections of leukocytes, known from their past historj'^ in the 
li\dng animal to have been typical poljunorphs which emigrated from 
the blood streams, to the mononuclear exudates and round cell infiltra- 
tions of pathologic material, suggests the possibility that the latter 
may be, in part at least, composed of changed polymorphs. 

It is obruous that the conditions found outside the blood capillary, 
whether in the intercellular substance or in the interior of lymphatic 
vessels, furnish an environment which is unhealthy for the polymorphs. 
In their behardor here they contrast markedlj’^ vdth true monocytes, 
Avhich thrive in. the tissue spaces. We have seen them to continue, as 
macrophages, to manifest sporadic amoeboid actirdty and capacitj’’ for 
phagocytosis for months. 


Evaluation of Mercurial Antiseptics in the Presence of Serum. — 
Dobothea E. Smith, E. J. Czarnetzky and Stuart Mudd (Laboratory 
of Bacteriology, University of Pennsylvania). Several mercurial anti- 
septics have been compared for their germicidal action in saline and in 
80% serum. An accurate method of plating has been used, and the 



304 


PROGRESS OF MEDICAL SCIENCES 


time and concentration required for 50% killing of a culture of smooth 
B. typhosus has been taken as a basis of comparison. 

Metaphen, merthiolate, mercurochrome and bichlorid of mercury 
all combine with serum proteins, "^^dren maximum combination is 
secured the resulting compounds possess no antiseptic action. The 
mercury content found by analysis of the equilibrium germicide-protein 
compound is the same, wdthin the limits of experimental error, for all 
four germicides. Equilibrium has been approached in both directions. 
In one case an excess of mercurial Avas used, and in the other an excess 
of serum proteins. In the latter case, the rate of combination was 
determined by adding the calculated amount of mercurial and noting 
the time when the mixture no longer possessed antiseptic action. The 
ratio of the rate A\nth Ai'hich the mercury of the mercurials combines 
with bacteria and with serum proteins is more favorable in the case of 
some of the mercurials than AAuth the others. These compounds kill 
bacteria, then, only in proportion to their mercury content. The 
decrease in germicidal activity when used in serum is equal to the 
amount of mercury chemicallj'- combined Avith serum. When used in 
saline, the killing, power of the antiseptics is directly proportional to 
their concentration, but when used in serum, the killing poAver is propor- 
tional only to the concentration of antiseptics not combined with the 
serum proteins. It has been found that approximately 0.4 gm. as 
mercury of any of these mercurials can be bound by one liter of normal 
horse serum. 

It follows that the effect of serum is such that neither metaphen, 
merthiolate, mercurochrome, nor bichlorid of mercury may be used as 
intravenous antiseptics. 


ERRATUM. 

The footnote referring to Dr. Rawls’ article on agranulocytosis (p. 131, .January 
issue of this Journal) should read; “In a more recent comnaunication, now in 
press, Rawls stresses the infrequency of agranulocytosis in a large series of amido- 
pyrin cases.’’ 
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PNEUMOCOCCUS TYPE HI PNEUMONIA. 

An Analysis of 500 Cases. 

, By Russell L. Cecil, M.D., 
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Norman Plummer, M.D., 
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Marsh McCall, M.D., 
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OUT-PATIENT DEPARTMENT, ROOSEVELT HOSPITAL, NEW YORK CITY. 

(From the Second Medical Division of Bellevue Hospital and the Medical Department 
of Cornell University Medical College.) 

Pneumococcus Tj^pe III pneumonia has always aroused the 
interest of medical men, partly because of the peculiar morphologic, 
biologic and chemical properties of pneumococcus Tj^e III, but 
chiefly because of the generally recognized severity of this type of 
pneumonia. There, however, is comparatively little in the medical 
literature concerning Type III pneumonia as a clinical entity. 
Among, the statistical studies which deal with the incidence and 
death rate for the various types of pneumonia should be mentioned 
the studies of Dochez and Gillespie,^ Dochez and Avery Cole,® 
and Bullowa.'* In 1927, Cecil, Baldwin and Larsen,® in a statistical 
stud5" on 2000 tj^ied cases of lobar pneumonia, pointed out certain 
clinical features of the various tj^pes. In this article it was first 
brought out that Type III pneumonia was particularly common in 
elderly people and that the incidence of this tj^oe was higher in 
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women than in men. It was also shown that Tjqie III pneumonia 
was especially prevalent in patients with some chronic systemic 
disease. All vniters on this subject are agreed that Type III pneu- 
monia has in general a much lower incidence than Type I or Tjqie II 
infections, and that the death rate is high (in most reports from 
40 to 50%). Blake,® in a recent report on 122 cases of Type III 
pneumonia studied in the wards of the New Haven Hospital, 
corroborates the findings of Cecil, Baldwin and Larsen, and stresses 
the fact that; though Tjqie HI pneumonia has a high death rate, 
it is no more fatal than other tjTies when it occurs in young and 
healthy people. 

In Blake and Cecil’s^ experimental Type HI pneumonia in 
monkeys (intratracheal injection of small doses of pneumococcus 
TjTie HI culture), the disease ran a characteristic mild course. 
More recently, Francis and Terrell® have produced experimental 
Tj’pe HI pneumonia in monkeys by insufilation of pneumococcus 
Tjqie III culture deep into the trachea and bronchus by means of 
a soft rubber catheter. They found that the severity of the disease 
was roughl5'^ proportional to the amount of culture injected and 
that the death rate for experimental Type HI pneumonia in monkeys 
was directly proportional to the height of the septicemia accom- 
panying the pneumonia. 

Sugg® and his co-workers were the first to call /attention to an 
“atypical” Tj/pe HI pneumococcus. They found it to be closely 
related immunologically to tj/pical strains, -and pointed out how 
readily it could be confused with the latter in routine tj/ping because 
of the high degree of cross-agglutination which may occur between 
the two tj/pes with some diagnostic serums. In the revised classifi- 
cation of pneumococci by Cooper, the atjqjical pneumococcus 
Tj/pe HI has been designated pneumococcus TjTie VIH. 

Finland and Sutliffii have recently contributed an interesting 
comparative study of the clinical features of pneumonia as produced 
by pneumococcus T^/pe III and Type VHI respectively. For 
example, they show that Tjtjc VHI pneumonia, like Tj/pe HI, is 
much more common in females than in males, and that chronic 
disease was a common predisposing factor in both Tj/pe HI and 
Tj/pe VHI infections. 

The present study is based on material which has been collected 
^during the past decade or more in the wards of Bellevue Hospital, 
and is really a continuation of previously published studies on the 
various t;sT)es of pneumonia (Cecil and Plummer^®). In addition to 
material from the adult medical wards, 9 cases of Tj/pe HI pneu- 
monia from the pediatric service at Bellevue Hospital are included. 

Incidence. As already mentioned, pneumococcus Tj/pe HI 
pneumonia has a much lower incidence than either Tj/pe I or 
lA^pe H infections (Table 1). In 4310 pneumococcal pneumonias. 
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Tj^e I infections were the most frequent (32.1% of the whole 
series) ; Type II ranked next with 23%, while Type III comprised 
only 11.1%. 


Table 1. — Incidence or Dominant Types or Lobar Pneumonia in 
Bellevue Hospital, 1920-1931.* 


Type of 
pneumococcus. 

Type I 

Type II 

T^e III 

Misc. types 

1925-1926 cases ate omitted from this series. 


No, of 
cases. 
1384 
991 
477 
1458 


Incidence, 
%■ 
32.1 
23.0 
n.i 
33. S 


A comparison of the incidence of Type III pneumonia in Belle\aie 
Hospital and in other institutions in New York and New Haven 
(Table 2), reveals that the incidence of Tjqie III pneumonia is 
remarkably constant in three large New York hospitals. A higher 
incidence was found in the New Haven Hospital, and may be 
explained by differences in environment, type of patient admitted, 
etc. When the total of 765 Tjqie III cases included in these reports 
is averaged, the incidence of Tj,ipe III pneumonia is 11.8% of the 
entire pneumococcal series. Approximately 1 in every 8 cases of 
lobar pneumonia is a Type III infection. 


Table 2.— Comparative Incidence or Dominant Types or Pneumonia in Four 

Hospitals. 


Type of 
pneumococcus. 

Bellevue 

Hospital. 

(Cecil.) 

Rockefeller 

Hospital. 

(Cole.) 

Harlem 

Hospital. 

(Bullowa.) 

New Haven 
Hospital. 
(Blake.) 

No. of 

Inci- 

dence, 

No. of 

Inci- 

dence, 

No. of 

Inci- 

dence, 

No. of 

Inci- 

dence, 


cases. 

%. . 

cases. 

%• 

cases. 

%• 

cases. 

%■ 

Type 1 

. 1384 

32.1 

403 

36.3 

112 

31.0 

194 

32.0 

Type II . 

991 

23.0 

249 

22.4 

69 

19.0 

79 

13.0 

Type III . . 

477 

H.l 

123 

11.1 

43 

12.0 

122 

20.0 

Misc. types . 

. 1438 

33.8 

335 

30.2 

141 

38.0 

211 

35.0 


Incidence of Type III Pneumonia in Children. In 329 cases of 
pneumonia in children at Bellevue Hospital, Baia, Plummer and 
Shultz^^ found only 10 cases of Type III pneumonia. All 10 of 
these occurred in children under 3 years. 

Incidence According to Age. Cecil, Baldwin and Larsen^ were 
the first to point out that Type III pneumonia constituted 33.7% 
of all pneumococcal pneumonias in patients over 60 years, which 
was almost twice as high as the incidence of Tjqie I or Tjqie II 
pneumonia in this age group. If one considers only the Types I, 
II and HI infections in the present series, 45.8% of all cases over 
60 years were Type III infections, while if all types are included, 
pneumococcus Tjqie HI constituted 32.8% of the cases over 60 
(Table 3). In contrast to these figures, in patients under 50, only 
9.4% were suffering from Type III infections. 
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Table 3. — Incidence of Types in Relation to Age. 


Type of 
pneumococcus. 

Under .50 

years. 

Cuscs. 

%. 


Type I . . . 

. . 1056 

33.8 

Type II . . . 

. . 785 

25.2 

Type III . . . 

. . 292 

9.4 

Misc. types . 

. . 986 

31.6 


Over 50 years. Over 60 years. 


Cases. 

%. 

Cases. 

%. 

194 

22.6 

63 

18.8 

240 

28.9 

77 

22.9 

208 

24.2 

110 

32.8 

209 

24.3 

85 

25.5 


, Blake found the preponderance of Type III infections even more 
marked in elderly patients. In his series, 70% of all patients over 
60 years with Tj^ies I, II or III pneumonia were Tjqie III infections. 

Figure 1, based on our own cases in Bellevue Hospital, illustrates 
graphically the comparative age incidence of Tjqies I, II and III 
pneumonia according to decades. 
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Fig. 1. — Incidence of pneumococcus Types I, II nnd III pneumonia in relation to age. 

It will be noted that the incidence curves of Tj^oe I and II pneu- 
monia run almost parallel, both reaching their highest points 
between 30 and 50, and falling off rapidly during the later decades 
of hfe. On the other hand, the incidence curve of Tj^ie III pneu- 
monia ascends more gradually, reaching its highest point at the 
age of 50 and maintaining a high level during the remaining decades 
of life. Of the adult Tj^pe III pneumonias, 64.8% occurred in 
patients past 40. This figure compares favorably with that of 
Finland and Sutliff, who found 69% of their Tj^ie III infections 
in patients over 40. 

Incidence of Type III Pneumonia According to Sex. In the 
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present study the number of Type III pneumonias in males exceeds 
that in females (392, or 78%, males, and 108, or 22%, females). 
In statistical studies all types of lobar pneumonia appear to occur 
more frequently in males than in females, but this apparent pre- 
ponderance of males may be due, at least in part, to the fact that 
there are always more male than female patients in city hospitals. 
Females, however, are apparently more susceptible to Tjqie III 
infections than males, for the incidence per cent is 18.2% for females, 
as compared with 11.6% for males (Table 4). This is in sharp 


Table 4. — Incidence op Types in Relation to Sex. 

Total males. Total lemales. 


Type of 
pneumococcus. 

Cases. 

%. 

Cases. 

%. 

Type I 

, . . llOS 

32.7 

142 

23.9 

Tn^e II . . 

... 956 

28.2 

78 

13.1 

Type III ... . 

... 392 

11.6 

108 

18.2 

Misc. types 

. . . 929 

27.5 

266 

44.8 


contrast to Tjqie I and Type II infections, where the incidence 
per cent for the two latter types is considerably higher for males 
than for females. 

Incidence of Type III Pneumonia in Relation to Age and Sex. 
In Table 5 the combined influence of age and sex on the incidence 
of Type III pneumonia is indicated. 

Table 5.— Incidence op Types in Relation to Age and Sex, 

Males under Females under Males over Females over 


Type of 
pneumococcus. 

50 years. 

50 years. 

50 years. 

50 years. 

Cases. 

%• 

Cases. 

%. 

Cases. 

%. 

Cases. 

%. 

Type I . . . 

. 930 

35.0 

126 

26.7 

178 

25.0 

16 

13.0 

Type II 

. 720 

27.2 

65 

13.7 

236 

33.1 

13 10.6 

Type III 

. 231 

8.8 

66 

13.6 

138 

19.4 

45 

36.6 

Misc. types 

. 769 

29.0 

217 

46.0 

160 

22.5 

49 

39.8 


In both groups, that is, in patients under 50 as well as in those 
over 50, Type III pneumonia is twice as common in women as in 
men, and it is four times as common in women over 50 (36.6%) as 
it is in men under 50 (8.8%). This table further shows that in 
females over 50, infections with Type III and the miscellaneous 
tjqies cause 76.4% of all pneumonias, while in males under 50 they 
cause only 37.8% of the cases. These latter figures have consider- 
able significance with respect to serum therapy; two-thirds of the 
pneumonias in men under 50 will be Tjqie I or Tjqie II infections 
and, therefore, amenable to serum treatment. 

Incidence by Season. There appears to be very little difference 
so far as seasonal distribution is concerned between the incidence 
of the three dominant tyjies of pneumonia. (Fig. 2.) 

In all three tjqies the incidence is highest in January, February 
and March. Then begins a rapid descent, striking the lowest 
point in early summer and continuing there through September. 
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In October the curves begin to rise again; 79% of all the Tj^ie III 
pneumonias were admitted to the hospital between December and 
May, inclusive. 

' Relation of Type III Pneumonia to Chronic Disease. Pneumococ- 
cus Tj^ie III pneumonia is two to three times as apt to occur in 
individuals who are already the victim of some chronic disease 
as are Tj^pes I and II pneumonias. This was first pointed out 
by Cecil, Baldwin and Larsen, and has recently been confii’ined by 
Blake who found that 79 of 119 cases of Tj^ie III pneumonia were 
victims of some chronic systemic condition. Blake points out that 
this was not entirelj^ the result of advancing years, as 19 of 32 
patients with Tjq:ie III pneumonia between 20 and 50 years suffered 
from chronic disease. 



Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Fig. 2. — Incidence of pneumococcus Types I, II and HI pneumonia in relation to 

season. 

In the present study, 49.9% of the Tjrjie III patients were 
afflicted with some chronic malady, a considerably higher proportion 
than for either Tj'jie I or Tj'pe II infections (Table 10). Of these 
cases with chronic disease, 24 were under 30 years. Alcoholism and 
degenerative cardiovascular disease lead the list. The mortality in 
chronic alcoholic patients was very high— almost 50%. There 
was a death rate of 77 % for patients with chronic .cardiovascular 
disease. 

Clinical Features. Clinically Tj^je III pneumonia shows no 
special characteristic features which would differentiate it from the 
other tj^pes of pneumonia. The onset was described as sudden in 
52% of the cases. The two most common initial symptoms were 
chill and pain in the chest. It was found that the right lung only 
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was involved in 226 cases, aS compared to 168 with left-sided con- 
solidation. In single lobe involvement the right lower lobe was 
most frequently affected. 

Duration of Disease. Cecil, Baldwin and Larsen, in their study 
of 2000 typed pneumonias, found that pneumococcus Tjqie III 
pneumonia ran, on an average, a somewhat longer course than 
either Type I or Type II infections. The average duration of the 
Type III series was 9.1 days, as compared with an average duration 
of 8.8 days for Type I pneumonia and 8.6 days for Type II pneu- 
monia. Blake found that in Type III pneumonia affecting indi- 
viduals past 50, that is, during the period of high susceptibility, the • 
disease ran a longer course than it did in those under 50, and that 
in the elderly group recovery was nearly always by lysis rather 
than by crisis. 

In the present study, termination, if by crisis, usually occurred 
before the eighth day; if by lysis, on or after the eighth day. Crisis 
occurred in 153 cases binder 50 years (52.3%), as compared with 
only 32 cases over 50 years (15.3%). It was found that complica- 
tions occurred in only 4.8% of patients who recovered by crisis, as 
compared with 19.7 % of patients who recovered by lysis. 

Bacteriemia. Blood cultures were taken on one or more occasions 
in 198 cases. Positive cultures were found in 55 (29.4%). This 
figure approximates closely the Harlem Hospital figures as reported 
by Rosenbluth^'* (25%) and those of Finland and Sutliff (34%). 
Blake, reported bacteriemia in only 8% of his Tjqie III series. 

Eight of our Type III patients with positive blood cultures 
recovered. Two of these showed positive plate cultures, while the 
others were positive in broth only. One patient, a male, aged 41, 
and an alcoholic, had 100 colonies of pneumococcus Tjqie III per 
cc. of blood, and recovered. In the fatal cases, bacteriemia was 
present before the fifth day in 43 of the 47 cases. In 4 septic cases 
the blood cultures became negative before death. All of the septic 
patients who recovered were under 50 years of age. Invasion of 
the blood stream by the hemolytic streptococcus was observed in 
3 patients with Type III pneumonia, and 1 of these recovered. 

It is interesting to compare the incidence of bacteriemia in 
Type III pneumonia, with its incidence in Type I and Type II 
infections, as observed in the Bellevue Hospital studies (Table 6). 
In our experience the incidence of bacteriemia in Tjqie III pneu- 
monia is about the same as that for Type I cases. Both types 
show a considerably lower incidence of bacteriemia than Tjqie II 
infections. The death rate for all bacteriemic cases is very high. 
It is noteworthy, however, that while the incidence of bacteriemia 
in Type I and Type II pneumonia coincides closely with the death 
rate for these types, respectively, in Type III infections the death 
rate is considerably higher than the incidence of bacteriemia. In 
other words, some patients with Type III pneumonia die without 
sepsis. 
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Table 0. — Compakative Incidence of Bacteremia in the Dominant Types of 

Pneumonia. 


Type of 
pneumococcus. 


Type I . . . , 

Tj-pe n . . . 

Tj-pe III . . . . 

None received serum. 


Dentil rate, %. 


Cases 

Bactcnciuja, 



cultured. 

/c- 

Bacteremic 

Entire 



cases. 

scries. 

64 

29.7 

06.7 

28.2* 

. 133 

51.1 

87.5 

48.8* 

. 187 

29.4 

85.4 

42.2* 


Complications. The complications of III pneumonia show 
no special features. A study of Table 7 reveals that the complica- 
tions in the present series of 500 Tj^ie III pneumonias occurred in 
about the usual incidence rate. 


Table 7. — Complications in Pneumococcus Type III Pneumonia. 


No. of 

CoraplicationB. cases. 

Empyema .28 

Meningitis ... 4 

Endocarditis . . ... 0 

Pericarditis 3 

Arthritis ... . . 2 

Phlebitis ... 2 

Otitis* .... ... 10 

Cardiac irregularity . 14 

Delayed resolution ... 2 

CelliUitis .... 6 

Lung abscess 1 

Pleural effusion ... .7 


* Eight of these cases were in children. 


Incidence, 


Fatality, 

%. 

Died. 

%. 

5.6 

13 

46.4 

0.8 

4 

100.0 

0 

0 


0.0 

3 

100.0 

0.4 

1 

50.0 

0.4 

1 

50.0 

2.0 

0 


2.8 

11 

78.6 

0.4 

0 


1.2 

1 

16.7 

0.2 

1 

100.0 

1.4 

5 

71.4 


It was shown by Cecil, Baldwin and Larsen that Tj^ie I pneu- 
monia is more frequently complicated by empyema than any of 
the other pneumococcal tjqies. These investigators found that 
empyema occurred in almost 7% of their Type I cases. In the 
present series of Tjqie III cases, empyema developed in 5.6% of the 
series, which is just about the usual incidence for empyema in 
pneumonia as a whole. Empyema was most common in bacteremic 
cases, as indicated in Table 8. Of the 8 bacteriemic patients who 
developed empyema, only 2 recovered, while of 6 non-bacteremic 
cases, 4 recovered. 


Table 8. — Incidence of Empyema in Bacteremic and Non-bacteremic Cases. 

No. of Cases with Incidence, Death rate, 
cases. ^ empyema. %. %. 

Bacteremic patients .... 55 8 1*4. 5 75.0 

Non-bacteremic patients 132 6 4.5 33.3 


It is interesting to note the absence of endocarditis as a com- 
plication in Tjqie III pneumonia in the present series. Blake 
encountered only 1 case of Type III endocarditis in his series of 
111 cases. Necropsies on all our fatal cases would no doubt have 
revealed a terminal pneumococcal endocarditis in a few cases; but 
even admitting this source of error, the infrequence of endocardial 
involvement in Type III pneumonia is probably due to the relatively 
low incidence of bacteremia in Tjqie III cases. Cecil and Plummer^* 
found that the highest incidence of pneumococcal endocarditis was 



PNEUMOCOCCUS TYPE III PNEUMONIA 


313 


in Type II pneumonia; in other words, in the type tliat shows the 
highest incidence of pneumococcal bacteremia. There appears to 
be a definite relationship between the incidence of bacteremia and 
the incidence of endocarditis as a complication. 

Death Rate. It has already been shown (Table G) that the death 
rate for this series of 500 cases of Type III pneumonia was 42.2%, 
a figure which agrees closely with that reported by other investi- 
gators (Blake, 44.3%; Cole, 43_%; Bullowa, 40%). _ Finland and 
Sutliff, however, report a much higher rate in their series of 225 cases 
of Type III pneumonia (60%). In our experience. Type III pneu- 
monia, fatal as it is, ranks second in virulence, being surpassed by 
a small margin by pneumococcus Type II pneumonia, with a death . 
rate of 48.8%. Of the three dominant types, TjT^e I has the lowest 
death rate— in our series, 28.2% for cases that received no serum. 
The figures for both Type I and Type II infections would be con- 
siderably lower for serum-treated cases. We have already pointed 
out how much higher the rate becomes for all three tjqjes when only 
bacteremic cases are considered. Type III cases with positive 
blood cultures had a death rate of 85.4%, which was almost three 
times higher than that for patients with negative cultures. Finland 
and Sutliff reported 100% mortality for their septic T}T?e III series. 
It was also apparent in our group that as the age increased the 
tendency to bacteremia increased, and this may explain in part the 
high fatality rate in patients over 50 years. 

Over a period of more than a decade there were 214 deaths from 
T.'^fpe III pneumonia in Bellevue Hospital. Some of our T;v'pe III 
patients received antipneumococcal serum in various forms, but 
as it never appeared to have the slightest clinical effect, there is no 
reason to believe that its use affected the death rate in the T;s^ie III 
series in any way. During the same period there were 501 deaths 
from Type II and 222 deaths from Tj'pe I pneumonia. It is clear 
therefore that, although Type III pneumococcus is responsible for 
only 10 to 12% of all pneumococcal pneumonias, it contributes its 
share toward the death rate of pneumonia. It is interesting to 
analyze these deaths from pneumonia still further, particularly with 
reference to age, sex and chronic systemic disease. 

Cecil, Baldwin and Larsen first called attention to the importance 
of age in the death rate of Tj^je III pneumonia: Under 40 it is a 
comparatively mild infection, showing a death rate actually lower 
than in some other types; after 40 the death rate rises rapidly, but 
not more rapidly than that for Tjqie II pneumonia. It has long 
been known, of course, that all types of pneumonia show a steadily 
increasing death rate for each decade. Apparently the reason for 
the high death rate in Tj^re III pneumonia as a whole is that a 
very large proportion of Type III pneumonias occur in the later 
decades of life. The relation of age to mortality rate in Tj^e III 




Under 20 2 

Fig. 3. — Mortality rates for pneumococcus Types I, II and III in relation to age. 

( 

In Table 9, it is surprising to note what a low percentage of the 
total deaths from pneumonia are caused by pneumococcus Type III 
in males under 50 (9.5%). On the other hand, in females under 50, 

Table 9.— Analysis of Total Deaths From Pneumonia in Bellevue Hospital 
(1920-1932) With Reference to Age .‘ind Sex. 

Males under Males over Females under Females over 

50 years. 50 years. 50 years. 50 years. 

Type of . ^ . ; — ■ . ■ 

pneumococcus Deaths. %. Deaths. %. Deaths. %. Deaths. %. 
Tj-pel . . 172 25.3 7S 18.5 20 21.1 G 8.2 

TtobII . . 266 39.2 139 33.6 20 21.1 7 9.6 

TiTelll . . 62 9.5 93 22.5 24 25.2 30 41.1 

Misc. tj-pea '. 177 26.0 105 25.4 31 32.6 30 41.1 


Tj^ie III pneumonia was responsible for 25.2% of all deaths, and 
in females over 50, pneumococcus Tj^e III wTought its greatest 
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havoc, causing 41.1 % of all pneumonia deaths in this age-sex group. 
In this latter group, Type I and Type II pneumococcus played a 
•comparatively insignificant role as a cause of death. 


Table 10. — Incidence and 


Pneumonia. 


Type I . 
Type II 
Type III 


Death Rate fob Pneumonias With and Without 
Systemic Disease. 

With systemic 

disease. Death rate. 


20.4 32.0 

33.0 49.0 

49.6 53.6 


Pneumonia. 


Type I . 
Type II 
Type III 


Without systemic 

disease. Death rate. 


79.6 18.5 

67.0 41.9 

50.4 32.1 


As would be expected, the high frequency of chronic disease in 
T^ipe III pneumonia adds greatly to the seriousness of the prognosis. 
For example, Cecil and his co-wmrkers found the death rate for 48 
Type III pneumonias not associated with chronic disease was only 
8.5%, whereas in 83 cases that were associated with chronic disease 
the death rate was 66.4%. In Blake’s series, where the association 
of Type III with chronic disease was high even in the young, 19 of 
the 32 patients between 20 and 50 years had some form of chronic 
disease. Of these 19, 12 died, while of the 13 in previous good 
health, only 2 died. In Table 10, the incidence and death rate of 
Tjqie III cases associated with systemic disease is indicated. For 
comparative purposes the death rate for cases without systemic 
disease is also shown. It is evident from a study of these figures 
that Tjipe III pneumonia is not more serious than other types 
when it attacks people who have previously enjoyed good health. 
It becomes serious, however, when it affects those afflicted with 
some chronic disease or those who have attained old age. As 
Blake well ex-presses it, “ Pneumococcus Type III pneumonia is a 
highly fatal specific infectious disease, due in general not to a highly 
infectious organism that attacks and kills a healthy host, but 
rather to a debilitated or senescent host who succumbs to what is a 
relatively mild and uncommon infection in the young and vigorous.” 

Discussion. In the preceding paragraphs we have attempted to 
show that Type III pneumonia has certain very definite character- 
istics which distinguish it sharply from other types. These special 
characteristics are no doubt due to the inherent qualities of pneu- 
mococcus Tjqie III. This organism was originally spoken of as 
the Streptococcus mucosus, but was finally classified, and rightly so, 
p a pneumococcus. Dochez and Avery were the first to designate 
it pneumococcus Tjqie III. The most important investigations into 
the nature of Tjqie III pneumococcus are those of Avery’^ and his 
co-workers who have brought out some very interesting facts con- 
cerning the polysaccharid which is contained in the capsule of 
pneumococcus Tjqie III. This capsular polysaccharid which is 
often referred to as the “soluble specific substance” varies for each 
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type of pneumococcus and, in fact, determines the specificity of 
each tjqie. In 1931, DuBos and Avery^^ reported the discovery of 
a motile spore-bearing pleomorphic bacillus which had been isolated- 
from peet oil and which had the ability of decomposing the specific 
polysaccharid of Tj^ie III pneumococcus. This specific action on 
the polysaccharid is due to an endocellular enzyme generated by 
the pleomorphic bacillus. The enzyme can be extracted by aiitolysis 
of the bacterial cells. In sterile solution the enzyme has the same 
specific action as do the organisms from which it is derived, decom- 
posing the capsular polj'^saccharid of Tjqie III pneumococcus, but 
having no effect on the polysaccharid of other pneumococcal tj^ies. 
In a subsequent study Avery and DuBos*'^ showed that the bacterial 
enzyme which decomposes the polysaccharid of Type III pneumo- 
coccus w vitro also destroys the capsules of the living organisms 
growing in media and in the animal body, and that potent prepara- 
tions of this enzyme would protect mice against infection with 
virulent Tjqie III pneumococcus. Furthermore, the enzyme was 
found to exert curative action ip mice infected intraperitoneally 
with pneumococcus Type III, even when the enzyme was injected 
12 to 18 hours after infection. Goodner and DuBos*® were able to 
save rabbits infected intradermally with pneumococcus Tjq^e III 
by injecting the enzyme intravenously 24 hours after inoculation 
with the culture. They noted that the amount of enzyme necessary 
to bring about the recovery of the infected rabbit bears a definite 
relationship to the severity of the infection as gauged by the number 
of pneumococci present in the circulating blood. Finally, in a 
recent article, Avery and his co-workers have demonstrated clearly 
the therapeutic value of the specific enzyme upon experimental 
Tjqie III pneumococcus pneumonia in monkeys. Treatment with 
the enzyme was followed by cessation of spread of the pneumonic 
lesion, sterilization of the blood and early recovery, except in animals 
in which the severity of the disease was extreme. These authors 
found that in monkeys, as in rabbits, the therapeutic value of the 
enzyme was directly proportional to the number of pneumococci 
present in the circulating blood of the infected animal. 

These studies have great theoretic and practical importance. 
They open up an entirely new line of attack against pneumococcal 
infections in general, and they possess great practical importance 
because at the present time we have no satisfactory serum treatment 
for Tjqie III infections. The writer was never able to save monkeys 
infected with lethal doses of Type III pneumococcus by the admin- 
istration of Huntoon’s pneumococcus antibody solution. Cecil 
and Larsen*'-' showed that pneumococcus antibody solution, though 
it affected favorably the death rate in both T^qie I and Tjqie II 
pneumonias, had no effect whatever on the death rate in Type III 
pneumonia. A few years later, Cecil and Sutliff*" had similar 
results with Felton’s concentrated antipneumococcus serum. On 
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the other hand, Watson and Cooper, producing intradermal lesions 
and frequent bacteremia in rabbits by the intradermal inoculation 
of Type III pneumococci, found that such bacteremia was checked 
and the rabbits protected by suitable amounts of Type III con- 
centrated antiserum given intravenously 24 hours after the infecting 
doses. Furthermore, they found that the amount of Type III 
antiserum necessary to protect rabbits inoculated intradermally 
with virulent Type III cultures was not appreciably greater than 
the amount of Tjqie I antiserum required to protect against Type I. 
The inconsistency between the results obtained by Watson and 
Cooper on rabbits and those obtained by Cecil on monkeys is not 
so striking as might at first appear. The former workers used a 
serum which contained 1000 protection units per cc. against a stock 
Tjq)e III strain. The serums which we used for our monkey experi- 
ments and for the clinical studies on patients possessed a much 
lower potency. 

The whole problem of controlling Type III pneumonia by pro- 
phylactic immunization or by the use of a highly efficient serum 
centers around the difficulty of stimulating a high titer of immune 
bodies by the injection of killed or living Type III pneumococci. 
For example, Cecil and SteffeiF- found that 3 subcutaneous injec- 
tions of pneumococcus Type I or Type II vaccine would confer on 
monkeys a complete immunity against pneumococcal pneumonia 
of homologous tjqies. However, 3 subcutaneous injections of 
pneumococcus Type III vaccine gave a complete protection against 
Type III pneumonia in only 4 out of 8 monkeys vaccinated. The 
same investigators did succeed in vaccinating monkeys against 
pneumococcus Tjqie III pneumonia by giving Tjqie III vaccine in 
large doses intratracheally. Ross^® was able to protect rats against 
pneumococcus Tjqie III pneumonia by feeding them Type III 
pneumococcus vaccine. Cecil and Austin,^'* studying the blood 
serum of 8 human volunteers who received a polyvalent pneumo- 
coccus vaccine subcutaneously, tested their serums 7 days later for 
agglutinins and protective bodies. A number of the vaccinated 
men developed agglutinins for Type I and Type II pneumococcus, 
but none for Type III. In a similar waj", all of the men devel- 
oped protective bodies against Type I and Type II pneumococcus, 
but only 3 of the 8 showed any protection against Tjqie III. 

One is justified in making the inference that immunity against 
Type III pneumococcus is difficult to acquire by either artificial 
or natural methods. The not unusual recurrence of Tjqie III pneu- 
monia in the same individual is another indication that this is true. 

The treatment of pneumococcus Type III pneumonia with homol- 
ogous convalescent serum has been tried by Beebe and Sutliff.-“ 
The patient was a male, aged 55, and he received his first injection 
of Tjqie III convalescent serum (120 cc.) on the fourth day of his 
disease. On the fifth day he received 190 cc. of Tjqie III convales- 
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cent serum. The Type III serum administered showed only slight 
protective power for mice, but had moderately high agglutinins 
and precipitin titers. In spite of the serum administered, the 
patient developed a positive blood culture and died on the sixth day 
of his disease. Barkch treated 6 cases of pneumococcus Tjqie III 
pneumonia by transfusing them with blood from donors who had 
been immunized against pneumococcus Tjqie III. The serums 
employed all showed a fairly high titer of protective bodies as tested 
on mice. Four of the 6 patients had a Type III bacteremia, and 
all died. The 2 Tj'pe III cases with sterile blood cultures survived. 
According to Barach,^' the immediate effect of the transfusion on 
the clinical condition of the patient was negligible. 

Summary. 1. Pneumococcus Type III ranks third as an exciting 
agent in lobar pneumonia, causing 11.8% of all pneumococcal 
pneumonias. It is surpassed only by pneumococcus Tjqie I and 
TjTie II in respect to prevalence. 

2. The incidence of pneumococcus Type III pneumonia increases 
with age. In the present series pneumococcus Type III was 
responsible for 32.8% of all pneumococcal pneumonias that occurred 
after the age of 60. 

3. Pneumococcus Tjqie III pneumonia is relatively commoner 
in women than in men. The incidence rate for women is 18.2%, 
as compared with 11.6% for men. This is in sharp contrast to 
TjTie I and Type II infections, where the incidence per cent for the 
two latter tjqies is considerably higher for males than for females. 

4. Pneumococcus Tjqie III pneumonia is very prone to occur in 
individuals who are already the victim of some chronic disease. 
In the present series of 500 cases, 49.9 % of the patients were afflicted 
with some chronic malady. This association of chronic disease with 
pneumonia was much higher in Tj^pe III than in Type I or Tj^ie II 
infections. 

5. Bacteremia was noted in 29.4% of the Type III patients 
who were subjected to blood cultures. 

6. The death rate for the entire series of 500 cases of Tj'iie III 
pneumonia was 42.2%, a figure which agrees closely with that 
reported by other investigators. In Bellevue Hospital, however, 
TjTie III pneumonia ranks second in severity, being surpassed by 
pneumococcus Tj^ie II pneumonia with a death rate of 48.8%. 

7. The death rate for Tj^je III pneumonia was influenced by a 
number of factors. In bacteremic cases it was 85.4%. The death 
rate is much affected by age and the incidence of chronic systemic 
disease. In patients under 40 years the death rate was approxi- 
mately 20%; over 60 years, 65.4%. In patients without systemic 
disease the death rate was 32.1%; with systemic disease, 53.6%. 

8. There is no satisfactory serum therapy for pneumococcus 
T^TDe III pneumonia at the present time. The most promising 
outlook with respect to a specific treatment for this infection is the 
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enzyme of Avery, wliicli destroys the specific carbohydrate in the 
capsule of pneumococcus III, and which in the case of animals 
infected experimentally with lethal doses of Type III pneumococcus, 
has shown distinctly curative properties. 
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In 1933^ Harris, Ray and Ward,^ using Birch, Harris and Ray's^ 
inicromodification of Tillmans’® titration method for the determina- 
tion of vitamin C found that normal human subjects excreted sig- 

* Road in abstract at the meeting of the American Society for Clinical Investi- 
gation. Atlantic City, May 6, 1935. 
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nificant amounts of the vitamin in the urine.* The usual daily 
excretion was observed to be relatively constant (30 to 33 mg.). 
Well-nourished normal subjects were found to behave as though 
they had appreciable reser\m “stores” of the vitamin, for when the 
vitamin was temporarily withheld from their diet they continued 
to excrete it for a time at an almost steady rate. When a large 
dose of the vitamin was given an increase in the urinary excretion 
was observed. These observations led them to believe that the 
urinary output was dependent both on the immediate intake and 
on the past nutritional historj% that is to say, on the state of vitamin 
“saturation.” In the same year von Eekelen, Emmerie, Josephy 
and Wolffs reported a series of “normal values” for 24-hour excre- 
tion similar to those of Harris, Ray and Ward. 

Hess and Benjamin,*® in 1934, studied the urinary excretion of 
the \’itamin in children and were able to detect an appreciable 
excretion only when large amounts of vitamin C were fed. However, 
Harris and Ray** found the excretion of the vitamin by well-fed 
children to be of the same order as that of adults when expressed 
on a basis of body weight. Hess and Benjamin were led to conclude 
that the amount of vitamin C in the urine of children under normal 
dietary conditions is negligible, and when present in significant 
amounts represents an excess which appears after complete satura- 
tion of the tissues has occurred. We believe these conclusions are 
incorrect and that their subjects probably had a deficient store and 
a low intake of vitamin C. Rohmer, Sanders and Bezssonoft’*** 
found vitamin C in measurable quantities in the urine of infants. 
Infants of 5 months of age continued to excrete the vitamin when 
fed a diet low in vitamin C, but when older children were placed 
on a vitamin C-low diet the excretion of the vitamin fell to a low 
level. 

Johnson and Zilva,® in 1934, studied the urinary excretion of 
vitamin C and were unable to find the relatively constant excretion 
observed by Harris, Ray and Ward.* Thej’- found that the usual 
daily output varied from 0 to 15 mg. in 3 subjects and from 80 to 
150 mg. in the fourth. This variation was related to differences 
in the diets of the subjects tested, ^^^len average doses of 100 mg. 
daily were given to one subject on a low vitamin C diet, Johnson 

* Although the substance reacting in urine with Tillmans’ reduction indicator 

(2.6 dichlorophenol-indophenol) as the test is ordinarily performed has not been 
proven conclusively to be vitamin C (ascorbic acid), satisfactory evidence of its 
identity -with the -^dtamin has been obtained through biologic assay by von Eekelen, 
Emmerie, Josephy and Wolff‘ and by Johnson and Zilva.' Recently Guerrant, 

Rasmussen and Dutcher^ found that the amounts of vitamin C in fruit and vegetable 
juices as determined by the method of Tillmans compared closely nith those deter- 
mined by biologic assay. The specificity of the method for the determination of 
the vita min in Urine has also been investigated by Harris*’’. He concluded that no 
known constituent of urine was likely to interfere, provided the titration was carried 
out rapidly. 
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and Zilva found that no significant amounts were excreted in the 
urine until the 7th day. The output then gradually rose until the 
17th day, after which it remained at a constant level of about 76% 
of the intake. They considered this subject saturated with vita- 
min C, and found that if now, after a lapse of 5 days, a dose of 
180 mg. were given, 80% of it ivas returned in the urine. When 
unsaturated subjects were given larger doses they excreted about 
60% by the 5th day, and maintained this level as long as the dose 
was continued. When the test dose was discontinued the urinary 
excretion of the vitamin quickly fell to the subject’s usual level. 
Harris and Ray^^ similarly observed that when subjects on a vita- 
min C-free diet were given 140 mg. of vitamin C daily, there was 
very little increase in the urinary excretion of the vitamin. When 
280 mg. of vitamin C were given dailj’- the subject rapidly became 
saturated and after 6 days excreted 80 % of the daily dose. When 
the administration of the vitamin was stopped, excretion quickly 
fell to a low level. Johnson and Zilva® concluded that there seemed 
to be “a definite capacity for ‘saturation’ which is independent of 
’the dose” and Harris and Ray” that the state of saturation of the 
subject depends on the amoimt of vitamin C in the past diet. 

Harris and Ray,” in their second paper, studied the excretion of 
vitamin C in a small group of children, some scorbutic, others 
presumably with a latent scurvy and the remainder normal. A 
few normal adults were also included. They found the children 
with scurvy to have very low excretions (0.4 to 0.7 mg. daily) and 
in them fairly large test doses of the vitamin failed to provoke any 
significant urinary excretion. After cure of the scurvy the daily 
excretion rose to 1.4 to 2.4 mg., and large test doses now produced 
a sharp rise in excretion . Subjects with latent scurvy and those with 
a definite history of dietary insufficiency also had fairly low excre- 
tions which suggested that such studies of urinary excretion might 
be of clinical value. 

Early in 1935 Schroeder,^® using a different method (iodometric 
titration), arrived at conclusions similar to those of Harris, Ray 
and Ward^ and Johnson and Zilva® and found a normal daily excre- 
tion of 19 to 29 mg. Following test doses of 300 mg. of vitamin C 
there was a rise in the excretion of the vitamin. 

Experimental. The purpose of our study was to determine the 
daily excretion and degree of “saturation” with vitamin C of sub- 
jects either patients of the clinic or persons of a similar social and 
economic class, whose diets were suspected of being deficient in 
various respects. For comparison a supposedly normal group made 
up of members of the staff was included. In addition we studied 
the^ excretion of vitamin C in 4 normal subjects over much longer 
periods and under varying conditions, with reference to the excre- 
tion of vitamin C following “saturation,” the rate at which “sat- 
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uration” is lost and the effect of giving small amounts of vitamin C 
to subjects in the “saturated” and “non-saturated” states. Thirty- 
one subjects in all were studied, including 15 in the “patient” group, 
9 members of the non-resident hospital staff and 7 members of the 
resident staff. All of the patients were ambulatory and at the time 
of the test were free of any significant complicating illness. In 
general, their diets were known to be low in protein, fresh fruits 
and milk. Though high in fresh vegetables, their habitual methods 
of cooking these in large quantities of fat for long periods of time 
may have lowered the initial vitamin C content. The non-resident 
hospital- staff group was composed of doctors, technicians and cler- 
ical workers whose diets were in no way uniform. Some were known 
to take fairly large amounts of vitamin C-containing foods, while 
others took rather small amounts, due to dietary preferences and 
dislikes. The third group, members of the resident staff, all ate in 
the hospital dining rooms, and were offered the same food. The 
diet was presumably well balanced, and differed individually only 
as their personal tastes differed. The 4 subjects who were studied 
over a longer period were from the non-resident staff group. Though 
their diets were believed in the beginning to be adequate, it is pos- 
sible that in 3 of them the daily intake of vitamin C was rather 
small. After a preliminary period on their usual diet these 4 sub- 
jects were placed on a vitamin C-“free” diet for the subsequent 
period of the experiment. 

The vitamin C content of the urine was determined by the use 
of Tillmans’^ indicator, 2.6 dichlorophenol-indophenol, standardized 
every 3 days against a known solution of ascorbic acid. The micro 
technique described by Harris and Ray was used with few excep- 
tions. The indicator was titrated from a micro-burette into an 
aliquot of acidified urine and the amount of ascorbic acid expressed 
in milligrams. Titrations were carried out quickly and the volume 
of the aliquot of urine was varied inversely willi the amount of 
ascorbic acid it was expected to contain. When possible, the 
specimens were titrated as soon as voided. ^Vhen this was imprac- 
tical, about 10% 2N sulphuric acid was used as a preservative. In 
all the tests of daily excretion 2 or more 24-hour determinations 
were carried out, and the figures for daily excretion represent an 
average of these determinations. Tests of “saturation” consisted 
in determining the per cent of a test dose (usually about 600 mg.) 
excreted in the urine in the 24 hours during which this amount was 
given. The cooperation of the subjects was excellent and we feel 
certain that all the urine was obtained. In all the experiments in 
which vitamin C was given, fresh orange juice was used as the 
source, the ascorbic acid content being determined by titration as 
described above. All of the experiments were carried out during 
the winter and early spring months. 



STUDIES OF YITMIIN C EXCRETION A.ND SATURATION 323 

Results. The results of the tests of daily excretion are shown in 
Table 1. In the patient group the daily excretion ranged from 


Table 1.— The Daily (24 Hour) Urinary Excretion of Vitamin C 

(Ascorbic Acid).* 

Patient group. Resident staff. Non-resident staff. 


Subject. 

Vitamin C, 
mg. 

Subject. 

E. G. 

. . 7.5 

C. T. 

F. W. 

. . 9.0 

R. B. 

H. K. 

. . 10.0 

W. F. 

R. J. . 

. . 12.0 

R. T. 

V. C. 

. . 13.0 

A. W. 

L. F. . 

. . 14.2 

M. M. 

C. S. . 

. . 15.0 

M. G. 

W. J. 

. . 16.0 


C. J. . 

. . 16.0 


K. S. 

. *. 17.5 


E. M. 

. . 18.5 


A. R. 

. . 19.0 


A. J. . 

. . 22.0 


3. N. . 

. . 23.0 


H. S. 

. . 34.0 



* In each group the values are arranged 


Vitamin C, 
mg. 

Subject. 

Vitamin C, 
mg. 

12.2 

H. F. 

. 10.7 

12.3 

E. W. . 

. 14.9 

12.9 

J. A. . . 

. 15.6 

15.1 

J. Y. . . 

. 20.1 

16.0 

F. B. . . 

. 22.3 

23.3 

A. B. 

. 30.8 

. 24.5 

M. C. . 

. 43.0 


F; R. 

M. D. . 

. 64.2 

. 80.1 


in ascending order. 


Table 2.— Retention and Excretion of Test Dose of Vitamin C 


(Ascorbic Acid). 



Test 


Excretion. 


dose, 


^ 


Subject. 

mg. 


Mg. 

%. 

Patient group: 





F.W. . . , 

600 


13.7 

2.3 

R. J. . . . 

493 


15.8 

3.2 

H. K. . . . 

493 


18.4 

3,7 

E. M. . . . 

784 


32.5 

4.1 

J. N. . . . 

425 


17,6 

4.1 

H. S. . . . 

637 


31.3 

4.9 

C. S. . . . 

414 


20.4 

4,9 

W. J. . . . 

417 


22.9 

5.6 

L. F.- . . . 

395 


31.1 

7.9 

F. G. . . . 

636 


56.4 

8,9 

C. J. . . . 

634 


73.8 

11.6 

V. C. . . . 

654 


88.2 

13.5 

A. R. . . . 

493 


124.0 

26.0 

A. J. . . . 

493 


172.0 

34.9 

Resident staff : 





A. W. . . . 

633 


11.4 ' 

1.8 

R. T. . . . 

. 594 


20.5 

3.5 

C. T. . . . 

. 706 


28.7 

4.1 

R. B. . . . 

. 706 


38.2 

5.4 

W. F. . . . 

. 706 


44.0 

6.2 

M. G. . . . 

. 654 


223.0 

32.3 

M. M. . . . 

. 046 

• 

239.0 

37.0 

Non-resident staff; 





J. Y. . . . 

. 288.7 


22.1 

7.7 

J. A. . , . 

. 420 


64.1 

15.3 

H. F. . . . 

. 968 


167.2 

17.3 

E. W. . . . 

. 6SG 


207,0 

35.3 

M. D. . . . 

. 312 


193.7 

62.7 

M. C. . 

. 352 


240.0 

68.2 

F. R, . . . 

. 573 


557.0 

97.2 


Apparent retention. 


Mg. %. 

586.3 97.7 

477,2 96.8 

454.6 96.3 

751.5 95.9 

407.4 95.9 

605.7 95.1 

393.6 95.1 

394.1 95.5 

363.9 92.1 

579.6 91.1 

560.2 '88.4 

565.8 86.6 

369.0 74.0 

321.0 65.1 


621.6 98.2 

573.5 96.5 

677.3 95.1 

667.8 94.6 

668.0 93.8 

468.0 67.7 

407.0 63.0 


266.6 

355.9 

800.8 

379.0 

118.3 

112.0 

16.0 


92. 
84. 
82./ 

64.7 
37.3 

31.8 
2.8 


CO L' 
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7.5 to 34 mg., 12 of the 15 subjects excreting less than 20 mg. Among 
the resident staff group the excretion varied between 12 and 24.5 mg., 
only 2 showing an excretion above 20 mg. Both of these subjects 
are dietitians. The non-resident staff group excreted from 5 to 
80 mg. and 6 of the 9 showed an excretion of 20 mg. or more. 


Table 3. — Excretion of Vitamin C After Saturation. Subjects on 



Vitamin 

C-“Free” Diet. 





Test 

Excretion. 



dose, 


,, 

Subject. 

Days. 

mg. 

Mg. 

%. 

M. C. . . 

. . . . 1 

• • • 

38.4 



2 

600 

311.4 

51.9 


3 

COO 

539.0 

89.9 


4 


254.1 



5 


59.3 



6 

COO 

444.3 

75.2 


7 


57.6 



8 


36.8 



9 

... 

38.5 



10 


34.0 



11 

... 

21.4 


J. Y. , . . 

. . . . 1 


38.9 



2 

COO 

378.5 

63.1 


3 

COO 

382.8 

64.8 


4 

COO 

429.8 

71.6 


5 

COO 

596.2 

99.4 


6 


131.0 



7 


46.4 



8 


39.2 



9 


45.4 



10 


36.8 



11 


39.7 



12 


40.7 



13 


28.7 



14 


19.5 


J. A. . . 

. . 1 

000 

497.4 

79.6 


2 

000 

581.0 

96.8 


3 

. . . 

112.2 



4 


76.4 



5 


48.0 



G 

coo 

422.0 

70.4 


7 

000 

586.8 

97.8 


8 

... 

68.8 


H. F. 

. . 1 


32.7 



2 

000 

425.2 

70.9 


3 

000 

367.0 

61.2 


4 

coo 

396.7 

60.3 


5 

000 

211.3 

35.2 


6 

600 

Lost 

Bpecimen 


7 

000 

556.0 

94.3 


8 


107.4 



9 


45.0 



10 


32.0 



11 


26.6 



12 


17.7 



13 


19.4 



14 


18.1 



15 


13.1 



The results of the saturation tests are shown in Table 2. In the 
patient group 2.3 to 34.9% of the test dose was excreted, or, more 
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significantly perhaps, 65.1 to 97.7% of the dose was apparently 
retained. Of the 15 subjects, 13 excreted a very small part of the 
amount given. All of them were subjects who had sho^yn a low 
daily excretion. The one subject who had a fairly high daily excre- 
tion excreted a considerable part of the test dose. Among the 
resident staft’ group the excretion of the test dose varied from 1.8 to 
37%. Only the 2 subjects with the higher daily excretion excreted 
more than 30% of the test dose. In the non-resident staff group 
the excretion of the test dose ranged from 7,6 to 97.2%. The 
majority of the subjects in this group excreted a considerable per- 
centage of the test dose and had shown a relatively high daily 
excretion. Those who excreted smaller amounts of the test dose 
were the ones who had had a smaller daily excretion. 


TabIiE 4. 

—Excretion of 

Vitamin C After Saturation. 



.Subjects 

ON UsuAU Diet. 






Excretion. 



Test dose, 



Subject. 

Days. 

mg. 

Mg. 

%. 

M. C.. . . 

. . 1 

« • • 

45.3 



2 

352.6 

240.1 

68.2 


3 

378.3 

325.1 

82.7 


4 

♦ » • 

146.4 



5 

. » ♦ 

186.8 



6 

» ♦ • 

88.6 



7 


72.0 



S 

. , . 

82.8 


J. Y. . . 

. . . 1 

. . . 

15.0 



2 

288.7 

22.1 

7.7 


3 

420.0 

146.1 

34.8 


4 

395.5 

271.4 

54.8 


5 

691.0 

579.0 

84.0 


6 





7 

. • • 

56.5 



8 

• • ♦ 

51.8 



9 

• . . 

48.3 


J. A. . , 

. 1 

• . • 

13.8 



2 

420.0 

64.1 

15.3 


3 

592.5 

533.6 

90.0 


4 

656.0 

525.8 

80.0 


6 


82.5 



e 


62.8 



7 

. • . 

39.4 


H. P. . , . 

1 

600.0 

258.0 

43.0 


2 

600.0 

549.6 

91.5 


3 


38.9 



4 


32.7 



6 

600.0 

425.2 

70.9 


Certain of the data obtained from the study of 4 subjects over a 
much longer period of time are shown in the remaining tables. 
Wien^ the subjects were maintained on a vitamin C-^free” diet 
following “saturation,” the daily excretion was observed to fall 
rapidly to a low level (Table 3). Thus, Subject H. F., who excreted 
556 mg. on the 6th and last day of “saturation,” excreted 107.4 mg. 
on the 1st and 45 and' 32 mg. on the 2d and 3d days thereafter, 
respectively. By the 8th day the excretion had fallen to 13.1 mg.^ 
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an amount which was about equal to the daily excretion on her 
normal diet and comparable to that found in subjects suspected of 
an inadequate intake of the vitamin. All the subjects on a vitamin 
C-“free” diet showed a gradual but steady decrease in daily exere- 
tion at a rate which varied in the individual subjects but presumably 
would eventually have reduced excretion to subnormal levels in all 
the subjects, had the experiment continued long enough. 


Table 5. — The Vitamin C Excretion of “Satcrated” Subjects, Given Amounts 
OP THE Vitamin Comparable to Those Taken in a Good Diet,* 

While Maintained on a Vitamin C-“Fbee’’ Diet. 

(Comparison AVith the Excretion of the Same Subjects After Saturation, AVhile on 

Their Usual Diet.) 


Subject. 

M. C. . 


J. Y. 


H. F. . 


A^itamin C-free diet. 


Usual diet. 


A'itamin C A'itamin C 



A'’itamin C 

excretion. 

Vitamin C 

excretion. 


intake. 



intake, 








ays. 

mg. 

Mg. 

%. 

mg. 

Mg. 

%■ 

1 

1,000 

389.8 

39.0 




2 

1,000 

539.1 

53.9 




3 

930 

841.1 

90.2 

352.6 

240.1 

68.2 

4 

1,000 

1,059.0 

160.0 

378.3 

325.1 

82.7 

5 


222.0 



146.4 


0 

75 

72.0 

96.4 


186.8 


7 

75 

85.2 

113.5 


88.0 


8 

75 

86.9 

115.8 


72.0 


9 

50 


... 


82.8 


10 

75 

82!o 

109.4 




1 

600 

150.5 

25.8 




2 

000 

344.3 

57.4 

288.7 

22.1 

7.7 

3 

600 

586.4 

98.1 

420.0 

146. 1 

34.8 

4 

300 

307.1 

102.3 

395.5 

271.4 

54.8 

5 

1,000 

878.8 

87.9 

691.0 

579.0 

84.0 

6 


173.4 





7 

100 

90.6 

90.6 

, , , 

56.5 


8 

100 

117.5 

117.5 

. > . 

51.8 


9 

100 

204.5 

204.5 

. • > 

48.3 


10 


43.3 





11 

100 

51.8 

51.8 




12 

100 

116.1 

116.1 




1 

1,000 

508.1 

50.8 




2 

1,000 

690.5 

69.1 




3 

1,011 

773.6 

76.5 




4 

1,000 

511.5 

51-.2 




5 

747.3 

.344.4 

45.1 

600.0 

258.0 

43.0 

G 

1,000 

941.8 

94.2 

600.0 

549.6 

91.5 

7 

50 

151.4 

303.0 


38.9 


S 

50 

116.3 

232.4 


32.7 


9 

50 

58.6 

117.7 




10 

50 

80.6 

160.9 




11 

50 

71.9 

143.6 




12 

76 






13 

50 

53.9 

107.8 





* These subjects -were kept on an otherwise vitamin C-frec diet. 


With the subjects on their usual diet, the decrease in daily excre- 
tion after “saturation” corresponds roughly to the nature of the 
individual diets. In those subjects AAdiose usual diet contained a 
considerable amount of vitamin C, the decrease, though rapid, Avas 
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not as great as when on the vitamin C-“free” diet. ThuSj Subject 
hi. C. on his usual diet excreted 82.8 mg. on the 5th day following 
“saturation” (Table 4). During a similar test when on a vitamin C- 
“free” diet, the excretion on the 5th day was 21.4 mg. (Table 3). 
Subject J. Y., whose usual diet was believed to be rather low in 

Table 6.— Resatoration Tests With Vitamin C at Varying Intervals. 

Subjects on Vitamin O'*' Free” Diet. 





Excretion. 



Test dose, 



^ 

Subject. 

Days. 

mg. 

Mg. 

%. 

M. C. . . . 

. . . 1 

600 

378.6 

63.1 


2 

600 

517.2 

86.2 


3 

• • » 

166.5 



4 

... 

65.2 



6 





6 





7 , 





8 

... 

42.3 



9 

... 

38.4 



10 

600 

311.4 

61.9 


11 

600 

509.3 

84.8 


12 


143.5 



13 

. . , 

53,2 



1'4 


30.3 



15 

600 

293.1 

48.8 


16 

600 

392.2 

65.4 


17 

600 

539.0 

‘ 89.9 


18 


254.1 



19 


59.3 



20 

600 

444,3 

75,2 

J. Y 

. . . 1 

600 

120,2 

20.3 


2 

600 

469,9 

78.3 


3 

600 

474.9 

79.1 


4 

600 

542,6 

90.5 


5 


123.3 



6 


77.1 



7 

. . . 

33.9 



8 

, , 

38.8 



9 

600 

378.5 

, 63.0 


10 

600 

382,8 

64.8 


11 

600 

429.8 

71.0 


12 

600 

596.2 

99.4 

J. A, . . . 

. . . 1 

600 

587.3 

97.9 


2 

600 

594.3 

99.1 


3 

coo 

625.5 

104.2 


4 

600 

621.7 

103.6 


5 

600 

582.7 

97.2 


6 

600 

586.1 

97.7 


7 

600 

477.4 

79.6 


8 

600 

581.0 

96.8 


9 


112,2 



10 


76.4 



11 


74.9 



12 

600 

422.5 

70.4 


13 

■600 

586.0 

97.8 


vitamin C, when on that diet excreted 4S.3 mg. on the 4th day. 
When on a vitamin C-“free” diet after “saturation,” the excretion 
on the 4th day was 45.4 mg. (Tables 3 and 4). 

IWien known amounts of vitamin C, comparable to those which 
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might be taken in a "good” diet (50 to 100 mg.), were given to the 
subjects on a vitamin C-“free” diet following "saturation,” the daily 
ex'cretion was not only greater than when no vitamin was given but 
was higher than when the subject was continued on his usual diet. 

"Resaturation” tests at varying intervals shoAved that "satura- 
tion” is quickly lost AAdien the individual is on a vitamin C-"free” 
diet (Table 6). In as short a time as 2 days “saturation” may be 
lost and a “resaturation” test may shoAV as much as 25% retention 
of the test dose (Subject M. C.). Some subjects even on their 
usual diet appear to lose their "saturation” quickly (Table 4). 
^A^ien, hoAA'ever, 50 to 100 mg. per day AA'ere given folloAA'ing "satura- 
tion,” the “saturation” AA'^as apparently maintained for some time 
(Table 5). 

Table 7. — Excretion of Yitamiu C by Unsatubated Subjects During Admin- 
istration OP Small, Varying Amounts op Vitamin C. 



Subjects on AYtamin C-‘‘Frbe” 

Diet. 




Test dose, 

Excretion, 

Subject. 

Days. 

mR. 

nig. 

M. C. . 

1 


30.8 


2 


38.5 


3 


34.0 


4 


21.4 


5 


32.8 


C 


39.4 


7 

25 

32.0 

« 

s 

50 

30.3 


0 

100 

39.8 

J. Y. . . 

1 


28.7 


2 


19.5 


3 


31.5 


4 


27.2 


5 


24.5' 


C 

25 

25.3 


7 

50 

24.9 


s 

75 

25.5 


The intake of small but varying amounts of vitamin C (25 to 
100 mg.) by “unsaturated” subjects on a AUtamin C-“free” diet 
did not affect the daily excretion significantly (Table 7). Thus 
Subject J. Y., AA'hose daily e.xcretion for 5 days preceding the test 
ranged from 19.5 to 31.5 mg., excreted 24.9 to 25.5 mg. daily during 
the 3 days on Avhich he AA'as giA^en 25, 50 and 75 mg., respectively. 
In contrast, in the saturated state, the administration of 100 mg. 
A\’'as immediately reflected in the urinary excretion (Table 5). 

When comparison is made betA\'een the amounts of vitamin C 
excreted following nearly complete saturation (AA'ith the subject on 
a Autamin f'-‘‘free” diet) and the amounts retained at the next 
subsequent saturation, a considerable discrepancy is fou.nd and the 
amounts AA’hich Avere required to "resaturate” are found to be con- 
siderably greater than the amounts AA'hich had been excreted in 
the interval (Table 8). In nearly eA'^ery period of this kind in AAdiich 
suitable data AA'ere aA>-ailable, this discrepancy AA'as observed. Rif- 
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Table 8. — Comparison Between the Amounts of Vitamin C Excreted Fol- 
lowing Nearlt Complete Saturation and the Amounts Retained at the 
Next Subsequent Saturation. Subjects on Vitamin C-"Freb” Diet. 


Subject, 


Vitamin C 
Vitamin C excretion 
intake, in urine, 
Days. mg. mg. 


Apparent 

retention, 

mg. 


M. C. . 


H. F. . 


J. Y. 


(First period) 


(Second 

period) 


1 

000 

311.4 




2 

000 

509.3 




3 


143.51 




4 


53.2 


Total excretion 

227.0 mg. 

5 


30.3 


(urine) 


6 

000 

293.1 

306.9 



7 

000 

392.2 

207.8 

■ Total apparent 


8 

000 

539.0 

61.0, 

retention 

Unaccounted 

575.7 mg. 





348.7 mg. 

for in urine 

I 

600 

556.0 




2 


107.4 




3 


45.6 




4 


32.2 




6 

6 

7 


26.6 

17.7 

19.5 


Total excretion 
(urine) 

294.7 mg. 

8 


18.0 




9 


13.1 




10 


14.7 




11 

1,000 

508.1 

492.01 



12 

1,000 

690.5 

309.5 



13 

1,010.8 

773.6 

237.2 

, Total apparent 
retention 


14 

1,000 

511.5 

488.5 

1,988.3 mg. 

15 

747 3 

344.4 

402.9 



10 

1,000 

941.8 

58.2 j 

Unaccounted 











for in urine 

1,693.6 mg. 

1 

600 

542.6 




2 


123.3 




3 


77.1 


Total excretion 

273.2 mg. 

4 


33.9 

< 

(urine) 


5 


38.9 1 



6 

600 

378.5 

221.51 



7 

600 

387.8 

217.2 

, Total apparent 


8 

600 

429.8 

170.2 

retention 

612 .7 mg. 

9 

600 

596.2 

3.8, 

Unaccounted 











for in urine 

339.5 mg. 

1 

GOO 

596.2 




2 


131.0 




3 


46.4 




4 


39.2 




5 


45.4 




6 


36.8 




7 


39.7 




8 


40.7 

. 

Total excretion 

540.6 mg. 

9 


28.7 


(urine) 

10 


19.5 




11 


31.5 




12 


30.0 




13 


27.2 




14 


24.5 




15 

25 

25.3 




10 

50 

24.9 

25.1 



17 

IS 

75 

COO 

25.5 

150.5 

49.5 

449.5 

Total apparent 


19 

600 

344.3 

255.7 

retention 

793 .4 mg. 

20 

600 

586.4 

13.0 



Unaccounted 
for in urine 


. 252 . 8 mg. 
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ferences in the amount of the vitamin unaccounted for in the urine 
were found among the different subjects and in the same subject 
at different times, ^^^len the amounts are computed on a daily 
basis the same differences are found. 

Discussion. Although the values for the daily excretion vary 
widely, they correspond to the probable differences in vitamin C 
intake of the different groups and the individual subjects. Thus, 
the lowest values generally were found among the patient group 
whose diets as a group were undoubtedly lowest in vitamin C. 
Even the surprisingly low excretion of most of the resident staff 
group seems adequately ex^jlained b^• a dietary preference which 
limited the intake of vitamin C-containing foods in spite of the 
provision of an adequate diet. Individual variations are similarly 
explained. For example, the 2 subjects with the highest excretions 
in the non-resident staff group were found to be taking unusually 
large amounts of the vitamin. 

Any conclusions regarding the “normal” daily excretion are 
made difficult by the lack of knowledge of the effect and manifes- 
tations of a slight deficiency of vitamin C and ignorance as to the 
optimal intake. The results of other investigators show an even 
wider range than ours, from 0 to 150 mg. (Johnson and Zilva). 
There is reason to belie\’e, however, that in some of the studies 
reported, the diets of the subjects showing the low daily e.xcretions 
were to some degree deficient.®-*® In our study, the patient group, 
most of whom had a small excretion, were drawn from a class in 
whom manifestations of a mild scurvy have been observed and a 
few of the subjects themselves had had suspicious symptoms in 
the past. Disregarding those in the supposedly normal group whose 
diet was found to be questionable and taking those whose diets 
appeared reasonably adequate, the daily e.xcretion of vitamin C 
was found to be in the neighborhood of 20 to SO mg., values which 
correspond fairly well to those of Harris and Ray. On this basis 
we have tentatively adopted an excretion of 20 mg. per day as the 
lower normal limit of excretion in adults. 

Some additional evidence respecting the normal daily e.xcretion is 
obtained from the extended study of the 4 normal subjects. When 
amounts of vitamin C which roughly correspond to those taken in a 
“good” diet were given to nearly “saturated” subjects on a vitamin 
C-“free”diet, the daily excretion was maintained at a level somewhat 
above the general level of the subjects on the “better” diets and at 
a higher level than these same subjects e.xcreted in an “unsaturated” 
state on their usual diet. 

The results of the “saturation” tests show the same relationship 
to the probable intake of vitamin C as do the tests of daily e.xcretion, 
and correspond roughly to the latter. It should be emphasized 
that “saturation” (80 to 100% of a test dose) in all probability 
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does not reflect an optimum or normal store of vitamin C in the 
body but is an artificial state which can be created only by the 
intake of excessive amounts of the vitamin. This conclusion is 
supported by the rapidity with which such a state is lost when the 
intake of large amounts is stopped (Table 3), as well as by the 
fact that only one subject in the group whose diets were considered 
to be adequate had an excretion even approaching 80% of the 
test dose. With our present knowledge it is impossible to define 
the normal degree of “saturation.” While it is unlikely that the 
normal state is represented by an excretion of 80 to 100% of a test 
dose (about 600 mg. in adults), it seems probable that a return as 
low as 20% or less of such an amount reflects a suboptimal store 
of vitamin C. An excretion less than 20% (usually much less) of 
such a test dose was found in nearly all of the patient group and in 
several others whose diets were found to be at least questionably 
inadequate and whose daily excretion was low. Among those whose 
diets were considered reasonably adequate and who had the higher 
daily excretions, usually more than 30% of the test dose was 
excreted. For these reasons it is tenatively concluded that under 
normal conditions at least 30% of the test dose of the size we have 
used should be excreted. The fact that a few subjects whose daily 
excretion was above 20 mg. excreted less than 30% of the test dose 
may mean that a “normal” excretion may be maintained in the 
presence of an inadequate store. 

The very great and abrupt reduction in daily excretion in a 
“saturated” subject when the intake of the vitamin is stopped 
(Table 3) suggests that the urinary excretion is regulated by' the 
daily metabolism and is not merely an indication of an excess of 
the vitamin, as suggested by Hess and Benjamin.^® Rather there 
appears to be a true storage with the controlled release of such 
amounts as are needed. There is some indication from our results 
that, in the absence of continued ingestion of vitamin C, this daily 
excretion, and presumably the amount used daily, gradually lessens 
as the store decreases until finally with the depletion of the reserve 
and the onset of scurvy the excretion becomes negligible. It can- 
not as yet be determined to what extent the rate at which daily 
excretion decreases depends on differences in the amount of vitamin 
required (or used). The fact that some vitamin continues to be 
excreted in spite of a dwindling reserve suggests that a circulating 
supply is maintained as long as possible, a certain amount of which 
is lost through kidneys which have no threshold for the excretion 
of this substance. If such an explanation is correct, the daily excre- 
tion is a true index of the amount of the vitamin which is being 
used by the body and of the adequacy of the supply, provided that 
the daily excretion is not sufficiently affected by other factors as 
to create a false impression. Two such possible factors are varia- 
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tions in the amount metabolized daily and in tlie daily intake. 
It is true that successive determinations may show variations in 
output with the subjects on tlieir customary diet. However, in our 
experience these variations rarely exceed a few milligrams and the 
values of the daily excretion follow closely the usual trend of the 
individual subject. Also according to our results it seems unlikely 
that these variations are due to differences in intake, if the latter 
are in the neighborhood of amounts which might be contained in 
an ordinary diet and if the individual is not saturated or nearly 
saturated (Table 7). It appears that in the unsaturated subject 
any amount beyond that which may be needed for immediate use 
is stored and does not affect the daily excretion. Therefore, the 
daily fluctuations which are observed are probably the result of 
metabolic or similar factors and do not affect the value of the daily 
excretion as an index of the amount of vitamin C stored and used 
by the body. 

Evidence of destruction of vitamin C within the body or its 
excretion by other channels is found in the discrepancy between 
the amount which is retained on a resaturation and the amount 
excreted in the urine in the period following the previous saturation 
(Table 8). In most instances the amount retained on a resaturation 
was considerably greater than that which had been lost in the urine 
following the previous saturation. At the present time no informa- 
tion is available as to the fate of this unaccounted-for portion. In 
the absence of other channels of excretion, ^'■ariations in this fraction, 
may be related to differences in requirements of different individuals 
or to variations in the same individual under different conditions. 

Summary and Conclusions. Of 15 subjects whose diets were- sus- 
pected of being inadequate in vitamin C, 12 excreted less than 
20 mg. of the vitamin in tlie urine daily. Of 16 normal control 
subjects whose diets supposedly were adequate, 8 also excreted less 
than 20 mg. In the latter group subsequent inquiry suggested a 
limited intake, for one or another reason, of vitamin C among those 
with the low daily excretions. 

Of the 31 subjects, 21 excreted but a very small part of a large 
test dose of the vitamin in the 24 hours during which it was admin- 
istered, indicating an apparent retention of a large amount and 
suggesting a small store in the body. In general the tests of 
“saturation” corresponded to ’the tests of daily excretion and 
the probable dietary intake of the vitamin. 

In 4 normal subjects it was found that: (1) Following “saturation” 
the urinary excretion of vitamin C quickly fell to a low level when 
the subject was kept on a vitamin C-“free” diet. On the “usual” 
diet the fall was nearly as great and as rapid. 

2. With the subjects on their usual diet or a vitamin C-“free” 
diet, “saturation” was quickly lost when the administration of 
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vitamin C vas stopped, ^'resaturation tests at intervals of 2 to 
3 days showing an apparent retention of as much as 25% of a 
test dose. 

3. The administration of small but varied (25 to 100 mg.) doses 
of vitamin C to “unsaturated” subjects had little effect on the 
daily urinary excretion. 

With the subjects on a vitamin C-“free” diet, the amount of 
the vitamin excreted in the urine in any given period following 
“saturation” is usually much less than the amount required to 
“resaturate,” 

5. For the present, a daily urinary excretion of vitamin C of 
20 mg. and an excretion of 30% of a test dose (about 600 mg. in 
adults) is suggested as the lower limits of normal daily excretion 
and of “saturation” respectively. 

" REFERENCES. 

1. Harris, L. J., Ray, S. N., and Ward, A.; Excretion of Vitairiin C in Human 
Urine and Its Dependence on the Dietary Intake, Biochem. J., 27, 2011, 1933. 

2. Birch, T. W.. Harris, L. J., and Ray, S. N.: Micro-Chemical Method For 
Determining Hexuronic Acid (Vitamin C) Content of Foodstuffs, etc. Ibid.,,p. 590, 
1933. 

3. Tillmans, J., Hirsch, P., and Hirsch, W.: Das Reduktionsvermogen pflanz- 

lioher Lebensmittel und seine Beziehung zum Vitamin C; iiber die Reversi- 
bilitat der Oxydationen des reduzierenden Stofles im Citronensaft, Ztschr. 
f. Untersuch. d. Lebensmitt., 63, 1, 1932. 

Hirsch, P., and Siebert, F.: Das Reduktionsvermogen pflanzlicher Lebens- 
mittel und seine Beziehung zum Vitamin C; uber die Frage, ob der reduzier- 
ende Stoff des Citronensaftes als Stabilisator fiir das Eigentliche Vitamin 
fungiert, Ibid., p. 21. 

Hirsch, P., and Jackisoh, J.: Das Reduktionsvermogen pflanzlicher Lebens- 
mittel und seine Beziehung zum Vitamin C; der Gehalt der verschiedenen 
Obst- und Gemusearten an reduzierendem Stoff, Ibid., p. 241. 

Hirsch, P., and Dick, H,; Das Reduktionsvermogen pflanzlicher Lebensmittel 
und seine Beziehung zum Vitamin C; iiber die Reversibilitat der Oxydationen 
des reduzierenden Stoffes im Citronensaft, Ibid., p. 267. 

Hirsch, P., and Jackisch, J.: Das Reduktionsvermogen pflanzlicher Lebens- 
mittel und seine Beziehung zum Vitamin C; die antiskorbutische Wirkung 
verschiedener Ausziige der Gurke, Ibid., p. 276. 

4. von Eekelen, M., Emmerie, A., Josephy, B., and Wolff, L. K.: Actabrevia 

Neerlandica de physiologica e. a., 3, 168, 1933. * 

5. von Eekelen, M., Emmerie, A., Josephy, B., and Wolff, L. K.; Vitamin C in 
Body Fluids, Klin. Wchnschr., 13, 564, 1934. 

6. Johnson, S. W., and Zilva, S. S.: Urinary Excretion of Ascorbic and Dehydro- 
ascorbic Acids in Man, Biochem. J., 28, 1393, 1934. 

7. Geurrant, N. B., Rasmussen, R. A., and Duteher, R. A.: The Value of the 
Chemical Titration Method in Determining the Vitamin C Potency of Certain Food 
Substances, J. Nutr., 9, 667, 1935. 

8. Harris, L. J.: Chemical Test for Vitamin C and the Reducing Substances 
Present in Tumor and Other Tissues, Nature (London), 132, 27, 1932. 

9. Harris, L. J., and Ray, S. N.: Standardization of the Antiscorbutic Potency 
of Ascorbic Acid, Biochem. J., 27, 2016, 1933. 

10. Hess, A. F., and Benjamin, H. R.: Urinary Excretion of Vitamin C, Proo. 
Soc. Exp. Biol, and Med., 31, 855, 1934. 

11. Harris, L. J., and Ray, S. N.; Diagnosis of Vitamin C Subnutrition by Urine 
Analysis, WTth Note on Antiscorbutic Value of Human Milk, Lancet, 1, 71, 1935. 

12. Rohmer, R., Sanders, V., and Bezssonoff, N.t Synthesis of Vitamin C by 
Infant, Nature (London), 134, 142, 1934. 

13. Schroeder, H.: Die Ausscheidung der Ascorbinsaure im Gesunden und 
Kranken Organismus, Klin. "Wchnschr., 14, 484, 1935. 

vot,. 191, NO. 3.— MARCH, 1936 . 12 



334 


miller: pulmonary blood ploiv in silicosis 


CLINICAL OBSERVATIONS ON PULMONARY BLOOD FLOW IN 
SILICOSIS AND OTHER FIBfeOTIC CONDITIONS 
OF THE LUNGS. =>= 

By H. R. Miller, M.D., 

ATTENDING PHYSICIAN, SYDENHAM HOSPITAL; ASSOCIATE ATTENDING PHYSICIAN, 
MONTEFIORE HOSPITAL, NEW YOIIK CITY. 

CpNNECTiVE tissue proliferation assumes a predominant role in 
many pulmonary diseases, and yet in the presence of such extensive 
anatomic changes the physiologic processes of the lungs often 
appear to go on practically unimpaired. This seems to us attribut- 
able to, at least, two important circumstances; (1) The velocity 
of blood flow in the lungs remains normal, and (2) the function of 
the alveolar capillary wall is practically undisturbed. In a sense, 
therefore, the widespread fibrosis of silicosis or of tuberculosis, lues 
or carcinoma represents an extravascular condition of the lungs and, 
with notable exceptions, does not assail the capillary alveolar bed. 
In silicosis, as we shall see, fibrosis from the start is diffuse and 
throughout the capillary alveolar bed, reaching the parenchyma 
only later. 

In this report we shall deal with studies in pulmonary blood flow 
in silicosis and in other pulmonary fibrotic states, describing methods 
and discussing briefly the tj^pe of fibrosis encountered and recording 
our results on blood velocity. Other aspects, among them studies 
in blood gases, will be left for a later publication. 

Methods. We employed two procedures: (a) Tlie crude pulmonary 
circulation time,* or the arm to tongue circulation time devised by Winter- 
nitz, Deutsch and Briill,- who utilized the bitter tasting property of sodium 
dehydrocholate (decholin) (first employed by Neubauer’) for measuring 
the arrival of its bitter taste after intravenous administration. Fishberg, 
Hitzig and King* later substituted glusid (saccharin) for decholin. In 
healthy individuals the average time for the completion of the pulmonary 
circuit is about 16 to 18 seconds, covering the pulmonarj’’ arterial and pul- 
monary venous channels. 

(6) As an adjunct to the above the ether time method was also utiUzed.®'® 
This represents the time consumed for the odor of ether (3 cc. of 10^ ether 
in normal saline solution) to reach the breath after its introduction into an 
elbow vein. The average time in health}' individuals for the completion 
of tliis pulraonarj' arterial circuit is about 5 to 9 seconds. Subtracting this 
result from the larger figure, i. e., 16 to 18 seconds, for the entire pulmonary 
circuit we obtain a difference of about 8 to_ 10 seconds and this may be 
accepted as a fairly reliable measurement in time of the velocity of blood in 
the puhnonarj' venous circuit. 

At the outset we must state that the saccharin or taste time and 
the ether or odor time w'ere normal in practically all conditions and 
circumstances of pulmonary disease with the following notable 

* Presented before the VII“® Congres International dos Accidents ct des Maladies 
du Travail, Brussels, July, 1935. 
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exceptions: (a) When congestive heart failure was an accompany- 
ing or concomitant manifestation; (b) when myxedema was present, 
as after thyroidectomy for the relief of congestive failure (here the 
pulmonary circulation in both the arterial and venous system was 
slowed even after congestive failure had apparently subsided); 
(c) and in cases where we had good clinical ground for postulating 
the existence of pulmonary hypertension associated either with 
mitral valve disease or advanced emphysema; (here the ether time 
in some instances was prolonged to 12 to 18 seconds). A study of 
these latter cases will form the subject of a future communication 
in which observations on blood gas analysis correlated with prob- 
able derangements df the function of the alveolar membrane will 
be set forth. In passing, however, we may indicate at this point 
that we have reason to believe that increased ether figures represent 
an alteration in the membrane’s capacity to diffuse gases through 
the alveolar membrane and are not due to any interference- with the 
velocity in the pulmonary arterial circuit. 

Retardation in blood velocity was confined primarily, if not 
wholly, to the pulmonary venous vessels and went hand in hand 
with congestive heart failure. In other words, congestive heart 
failure is a 'phenomenon of disturbance of blood velocity, occurring 
primarily and from the very beginning in the venous system of the 
lungs * 

Fibrosis o£ the Lungs. With these tests many fibrotic pulmonary 
conditions were studied. Generally speaking, the fibrotic process 
in tuberculosis, lues, carcinoma, chronic infections, etc., presents 
scattered patchy connective tissue proliferations as a reactive 
response to the etiologic process in the areas affected. The changes 
take place throughout the parenchyma and secondarilj'^ extend to 
the pleura, mediastinum, diaphragm, etc. ; the process is not centri- 
fugal, the vast capillary alveolar bed remaining untouched essentially. 

Thus, in tuberculosis neutrophils appear early in the formation 
of the tubercle and disappear at the stage of caseation, mononuclear 
and lymphocytic cells then taking over the phagocytosis of the 
debris. Fibrosis develops around the tubercle and also around 
cavities, but the fibrotic process fails to encroach upon the alveolar 
bed as a whole, however much it may involve isolated patches of 
alveoli. There are also some gross differences in the type of fibrosis 
seen here, as contrasted with silicosis; for example, the characteristic 
broad fibrotic apical and basal bands seen in tuberculosis and their 
tendency to be lateral and oblique as against the fibrotic strands 
in silicosis more longitudinal in direction and often characteristically 

On this point and related matters see; Miller, H. R.; The Role of the Lessor 
Circulation in Diseases of the Heart and Lungs, read December 7, 1934, at the 
Fiftieth Anniversarj' of the Founding of the Montefiore Hospital, New York City. 
•-CC also: Hitzig, \\ . M., King, F. H., and Fishberg, A. M.: Arch. Int. Med., 55, 
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“tenting” the diaphragm. This brief desei’iption of fibrosis in 
tuberculosis holds also for sj^ihilis and for carcinoma,* although in 
sj'philis a greater production of perivascular fibrosis occurs as a 
consequence of the specific vascular-wall necrosis associated with 
this disease. In advanced and widely spread pulmonary tubercu- 
losis the pulmonary blood velocity remained normal. 


Table 1.— Tuberculosis. Normal Pulmonary Blood Velocity in 10 Cases 
OF Advanced Phthisis (Sputum Positive) (Fho.m the Sea View Hospital.) 


Kame, 

No. 

Age. 

I. 

Ether time: vel- 
ocity in pulm. 
arterial circuit. 
Seconds. 

II. 

Saccharin time: vel- 
ocity in entirc(crudc) 
pulm. circulation. 
Seconds. 

III. 

Difference between 
II and I : velocity in 
pulm. venous circuit. 
Seconds. 

T. G. . . 


67 


15.5 

10.50 

H. L. . , 


38 


12.5 

5.50 

S. G. . . 

4949 

59 

6 50 

17.0 

10.50 

C. M. . . 

11512 

43 

7.25 

14.0 

6.75 

G. F. . . 

11676 

58 


13.5 

7.60 

S. G. . . 


32 

5.50 

16.0 

10.50 

M. N. . . 

5866 

60 


15.0 

9,00 

W. Me. 


46 

5 SO 

16.0 

10.50 

G. R. . . 

8114 

44 


15.0 

7.50 

N. M. . . 

m 

59 


13.5 

6,50 


Quite different is the diffuse or centrifugal type of fibrosis involv- 
ing the extensive alveolar capillary bed but leaving the parenchyma 
practically free; this is seen in extensive emphysema (primary or 
secondary), also in silicosis where the fibrotic thickening assails 
the fine lymphatic channels in the early stages and only much later 
and after prolonged silica exposure produces massive parenchymal 
alterations as well. 

Silicosis, par excellence, is a fibrotic process. In the early stage 
phagocytosis is prominent, but even here connective tissue prolifera- 
tion is to the fore early and continues long after the phagocytic 
activity subsides. Fibrotic thickening in the lymphatic channels 
ensues, the so-called peril^unphatic nodulation appears at points 
of lymphatic vessel bifurcation and also where the lymphatics are 
crossed by bloodvessels or bronchial branches; the draining lymph 
nodes enlarge, mainly, the tracheobronchial group. 

Up to this stage of perilymphatic nodulation restitution to normal 
is still possible, if no further e.xposure to silica dust takes place, 
and the stasis of silica dust and dust-laden phagocytes can leave the 
lymphatic channels free and clear. The patient, in all probabil- 
ity, will then escape the further advances of the silica process, 
and from the point of view of compensation and insurance his 
condition will not be considered compensable. 

* The table of figures in pulmonarj' carcinoma, for the sake of brevity, has been 
omitted; the results were within normal limits. No cases of pulmon.ary lues came 
to our attention. 
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With increased or continued exposure, however, to silica dust, 
perilymphatic nodulation, namely fibrosis and beading, will grow 
more marked. These headings are the pseudotubercles of Mavro- 
gordato (1922), the intralymphatic plaques of Carlton^'’ (1924), and 
they are readily recognized in the Roentgen ray film. The luiig 
parenchyma is not involved at this time, the lymphatic channels 
bearing the brunt of the change and exhibiting fibrotic thickening ; 
this stage of the disease has been aptly termed by Mavrogordato 
“lymphatic cirrhosis.” From the point of view of compensation 
in law, etc., these linear lymphatic thickenings and beading are 
looked upon as proof of pneumoconiosis, although the interparen- 
chymatous lesions, i. e., nodules, regarded as specific for silicosis, 
are not yet in existence. (According to Watkins-Pitchford,^^ the 
silicotic lesion is recognized in law only when it is visible and 
Ijalpahle in; the lungs.) Under prolonged silica exposure these 
specific nodules eventually appear; they arise in the interstitial 
tissues of the parenchyma and not always or necessarily in relation 
to lymphatic tissues already involved. Occurring singly they may 
remain at about 1 mm, in diameter or else large massive induration 
takes place- at the expense of the lung parenchyma; these paren- 
chymatous lesions consist of dense connective tissue growth and 
are singularly free of cell elements. 

Part and parcel of the silicosis picture is the frequent extensive 
emphysema surrounding areas of parenchymatous lesions and often 
forming characteristic cushions of emphysema at the apex and 
subapical regions; quite characteristic also is’ the occurrence of 
fibrotic strands or adhesions often touching the pleura, mediastinum 
and diaphragm; the interlobar fissures may also show some degree 
of thickening. Restitution to normal in this advanced state is, of 
eourse, beyond hope and any likelihood for clinical recovery ex- 
tremely remote and even totally unexpected. Tlie outlook is worse 
if tuberculosis should intervene. The superimposed tuberculosis 
leads to eavitation, further fibrosis and to destruction of those zones 
of the normal parenchyma tissues wedged in between the silicotic 
nodular masses and the periphery of the lungs. 

_ On the behavior of pulmonary blood flow in the early stages of 
silicosis, up to and including the stage of perilymphatic nodulation, 
we have no data as yet, but in the advanced stages of silicosis with 
or without extensive tuberculosis our results demonstrate that the 
pulmonary blood velocity is normal both in the arterial and venous 
pulmonary circuits. This is particularly interesting in view of the 
fact that the process from the beginning is diffuse and peripheral 
and lasts for years. 

Since pulmonary blood flow is retarded, practically speaking, only 
^yith the advent' of congestive failure, these circulatory tests offer a 
simple practical means of detecting cardiac failure among silicotics 
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where right ventricular hypertrophy and its terminal lethal failure 
are not rare. The right heart enlargement and its final picture of 
congestive failure resemble in all features the similar pictures asso- 
ciated with other chronic pulmonary conditions (cor 'pulmonale). 
The application of these tests in silicosis discloses that the extensive 
and profound fibrotic alterations, with diffuse pericapillary and peri- 
lymphatic involvement cause no derangement of pulmonary blood 
flow. 


Table 2. — Silicosis. Normal Pulmonary Blood Velocity in 10 Cases of 
Advanced Silicosis, 5 or These Cases Also Having Advanced Phthisis. 
(From the Sea View Hospital.) 


Name. 

No, 1 Age. 

! 

; 

Silicosis. 

TB. 

Ether time: 
velocity in 
pulm. aricr- 
ial circuit. 
Seconds. 

Saccharin time: 
velocity in entire 
(crude) pulm. cir- 
culation. 
Seconds. 

Difference be- 
tween II and 
I: velocity in 
pulm. venous 
circuit. 
Seconds. 

M. S. 

; 922-28 53.0 


0 

7.5 

12.5 

5.0 

E. D. 

11315-35 43,0 

+ 

0 

6.0 

14.5 . 

8.5 

J. H. 

10989-34 1 65,5 

+ 

0 

6.0 

18.0 

12.0 

F. C. 

6711-32 1 45 0 

+ 

0 

5.5 

16.0 

10.5 

V. S. 

, 9042-33 ! 57.0 

+ 

0 

5.5 

14.0 

9.5 

M. S. 

‘ 11413-35 i 30.0 

•f 

“h 

5.0 

14.0 

9.0 

AV. G. 

' 10926-34 ! 54.0 

+ 

"h 

8.0 

17.5 

9.5 

V. S. 

11064-34 1 55 0 

+ 

+ 

5.0 

13.0 

8.0 

H. K. 

11555-35 ’ 35.0 

-f 

+ 

5.0 

13.0 

8.0 

J. S. 

11.335-35 1 54.0 

+ 


6.0 

15.0 

9.0 


Similarly, peripheral and diffuse (centrifugal) in distribution is 
the fibrotic process observed in conditions associated with excessive 
and persistent elevation of the pulmonary blood pressure, as, for 
example,, in chronic mitral stenosis, in advanced emphysema, in a 
block of the lesser circulation by external pressure. The pathologic 
change is chieflj^ in the arteriocapillary bed, although in many 
eases the alterations include elastic fiber hypertrophy running 
through the walls of the entire pulmonary vascular tree. These 
latter changes particularly are the result of pulmonary hj^pertension 
and blood velocity plays no part. 

The separation of the effects of pressure from those of velocity 
is readily observed in the larger vascular system. Thus, it is almost 
commonplace among hj^iertensives with marked elevation in blood 
pressure to find no disturbance in the rate of blood flow unless heart 
failure supervenes. The lesser circulation appears to be no excep- 
tion to this general rule, and this is illustrated by our results of nor- 
mal blood flow figures in cases of mitral disease* tested while free 
of congestive failure and in advanced emphysema* patients also 
free of congestive failure. 

In emphysema the responsibility for pulmonary hj^pertension 
lias been placed upon the misshaped or enlarged alveoli which are 

* These tables have been omitted at this time and will be published in a future 
communication. 
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supposed to exert compression upon their adjacent capillaries. 
This conception, advanced hy Cloetta/^ if valid, confirms our belief 
based upon our own blood velocity figures and the antecedent 
results of Weiss and Blumgart,i* that pulmonary hypertension and 
the rate of pulmonary blood flow are independent processes. 

Summary. 1. The fibrosis in pulmonary disease assumes two 
main forms : (a) A diffuse type involving the vast capillary alveolar 

bed, associated, as a rule, with pulmonary hj^Jertension and observed 
in emphysema or in obstruction to the lesser circulation (mitral 
stenosis, kyphoscoliosis, etc.), and (6) a circumscribed or “patchy” 
fibrosis involving the parenchyma and encountered in tuberculosis, 
carcinoma, etc. In silicosis the diffuse type is present early and 
the second, or patchy, form appears much later. 

2. From a vascular point of view the heart and lungs are one 
organ; the lungs represent an enormous vascular sponge of ramified 
vessels stemming from the heart and surrounded by air sacs through 
which gases are exchanged between the circulation and the outside 
atmosphere. With this concept in mind it is not surprising to find 
that pulmonary disease and conditions associated with marked 
fibrosis remain extravascular, as a rule, and that when the peripheral 
vascular lung bed becomes involved a concomitant state of pul- 
monary hypertension is the rule. The heart, if at all affected, is 
drawn into the picture secondarily, either (a) by developing hj'per- 
trophy of the right ventricle as a response to this hjT)ertension, in 
some cases accompanied by the terminal picture of so-called right 
heart failure; or else (6) the heart responds by altering its volume 
output as a compensatory reaction to an increase in the A-V differ- 
ence, this difference following as a result of an interference in gas 
exchange through a pathologically altered alveolar wall. 

3. Unless cardiac failure (congestive failure) intervenes, the rate 
of pulmonary blood flow remains normal in both arterial and venous 
circuits in all pulmonary fibrotic conditions. To this there are few 
exceptions. As in other fibrotic conditions, the rate of pulmonary 
blood flow in silicosis is not deranged unless heart failure sets in. 

4. The rate of pulmonary blood flow is retarded in the venous 
channels in the presence of cardiac congestive failure. 

5. In a few instances of pulmonary fibrotic states the velocity of 
blood flow was retarded in the pulmonary arterial channels. Here 
the fault would appear to be in the alveolar membrane. 

Thanks are due Drs. Omstein, Reisner and Pine for permission and help in studying 
the patients from Sea View Hospital, and to Drs. Eurman’and Medoff, of the Monte-' 
fiore Hospital Staff. 
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MUMPS ORCHITIS. 

By Alfred Stengel, Jr., M.D,, 

RESIDENT PHYSICIAN, PENNSYLVANIA HOSPITAL, PHILADELPHIA, PA. 

(From the Pathology Department. School of Medicine, University of Pennsylvania.) 

The main importance of the oceui’rence of orchitis in mumps is 
the possibility of atrophy with subsequent sterility and impotence. 
Sterility is, of course, lack of sex cells, while impotence* refers to 
the inability to perform the sex act. There are a number of causes 
for each, but the two are frequently' confused. Other symptoms, 
to be further discussed, complicating the orchitis, may become very 
serious. 

Historically, mumps is an ancient disease. Protalongo= was the 
first to recognize its contagious nature. As in most present-day 
texts, the disease is considered in a work on Epidemiology and 
Public Health published in 1922 by Vaughan.-'’ Hippocrates was 
the first to mention testicular involvement, as seen by the following 
concise description from ^'aughan:-' “Some again, after a while, 
had painful phlegmons upon the testicles, sometimes upon one, 
sometimes upon both. Some had fevers, others none; most of them 
trouble and fatigue enough; but with respect to the chirurgical part 
they did very well." Hamilton, in 1752, recognized testicular 
atrophy as a possibilit^^® American army officers reported camp 
epidemics during the World War.*®- ** The paper of Wesselhoeft,’- 
published in 1920, is the most complete and up-to-date resume on 
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mumps orchitis, although other statistics have been added later.*^ 
Since Hippocrates, orchitis has been recognized by nearly everyone, 
but especially since the nineteenth centxiry, as a definite and serious 
complication. 

For this study .the case records of two Philadelphia hospitals 
are cited in an attempt to check on certain data found in the liter- 
ature. Fourteen cases were all that could be found on file at the 
Hospital of the University of Pennsylvania^'* 269 cases had been 
admitted to the Philadelphia Hospital for Contagious Diseases from 
1918 through 1933.*^ 

Though contagious, mumps is a relatively mild infection. The 
age incidence varies greatly; some writers*® limit, the disease to 
childhood while others*®’ *^ note its occurrence in both children and 
adolescents. In the cases at the Philadelphia Municipal Hospital*® 
there were two definite and distinct peaks: one in childhood, and 
the other in adolescence (Fig. 1). There has been a seasonal varia- 
tion in incidence— according to some,*® more cases are seen in the 
winter and spring, while other sources place the peak from Novem- 
ber through February.*® The sexes are equally susceptible®- *® and 
the actual figures in the Municipal Hospital cases were males 144 
and females 125, Negroes seem more susceptible to mumps than 
whites, as shown by army statistics, where the morbidity was three 
times as great in the colored troops. The reverse was true in the 
Municipal Hospital cases— 7 to 1 in favor of the whites. The 
higher proportion of cases in colored patients coming from the rural 
districts where there are more susceptibles and fewer immunes 
argues for the presence of a definite immunity from one attack, 
according to some xvriters. This immunity is generally undis- 
puted,®' *®' *®’ ***■ ®®’ ®* though some*® consider it very fleeting. The 
injection experiments of Hess®® and Gradwohl et alP give further 
evidence of immunity production. Second attacks are rrientioned 
in the literature**- ®* and were recorded in both the hospitals series 
used for this paper.** - *® The degree of exj^osure and the acquired 
immunity are the determining factors in group and community 
incidence.*®- ®® To these must be added as further factors; general 
health, crowding, and the occurrence of carriers.*® Contact is held 
indispensable to spread. 

Transmission experiments®*-®® have indicated that mumps is a 
virus disease; Rivers®® says, “the evidence, however, that mumps 
is caused by a virus is suggestive enough to warrant its inclusion 
in a discussion of virus disorders.” Other theories of causation 
include; salivary retention,®'* rheumatismal factors,®® a micrococ- 
cus,®®- ®®- ®* a diplococcus,®®- a diplobacillus,®* and recently a specific 
spirochete®® in association with a small Gram-negative bacillus.®® 
The portal of entry of the Aurus is obscure, although it is probably 
the upper respiratory tract. 



number of cases „ „ NUMBER OF CASES 


S4Z STENGEL, JR.: MUMPS ORCHITIS 

Most wnriters agree on an incubation period of about 18 days. 
The mode of onset varies greatly, though malaise, slight fever, and 
tenderness at the angles of the jaw is the commonest sequence of 
events. Later, there is usually swelling of the parotids, a sensation 
of heat, limitation in the opening of the jaw, with headache and 
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Fig. 1. — Age incidence of mumps and its orchitis: 246 cases — Philadelphia Hospital 

for Contagious Diseases. 


earache. There is always a leukocytosis, principally neutrophils. 
Other findings compatible with a febrile state result, but the fever 
is often very slight. There may be gastro-intestinal symptoms. 
Rivers says, “ During the course of mumps in an occasional patient, 
svmptoms and signs referable to the central nervous system develop.” 
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Involvement of the seventh and eighth nerves has been noted.-’'’- 
This is rare in uncomplicated cases. Suppuration never occurs in 
true mumps. The salivary glands and cervical lymph nodes may 
be affected. 

The description of Hippocrates’- gives a good picture of the 
malady; “Swellings appear near the ears, in many cases on one 
side, in most on both, without a fever or any confinement, but in 
some with a little fever. In all, they disappear without either incon- 
venience or suppuration, contrary to the custom of such tumors 
from other causes. At this particular time, they. were naturally 
soft, large, diffused, without inflammation or pain, and went off 
universally without any visible signs. Children, young persons, 
adults, especially those who frequented the public places of exercise, 
were most subject to them. A few women were also affected. 
The greatest part had dry coughs, which were soon succeeded by 
hoarseness.” 

Etiology and Pathogenesis. The etiologic agent responsible for 
the testicular affection is the same as that of mumps.® - Just how 
orchitis occurs has never been adequately settled, though a number 
of theories have been advanced. 

Before enumerating these, the quite definite relation between the 
parotids and genitalia should be briefly considered. Paget^® men- 
tions that occasionally affections of the breasts and labia after 
mumps in women point to some special connection between the 
salivary glands and the genital organs. He also mentions the 
enlargement of the salivary glands of the camel during the breeding 
season, and quotes Darwin‘‘^ as to the thyroid and odoriferous 
glandular enlargement in various animals during this same season. 
Paget further suggests that the salivary glands may in some -way 
have secondary sex characters, in the same category as the hair 
and voice. Cribb® cites 4 cases “which show the connection 
between the parotids and the prostate, vagina, and ovaries.” 
Tayler’’' suggests a relation between the glands and the testes as 
an explanation of orchitis. He also cites numerous cases in which, 
following operations such as hysterectomy, ovariotomy, gastros- 
tomy, circumcision, or in other cases such as lithotomy, typhus fever 
or penetrating abdominal wounds, a secondarj-^ parotitis developed, 
indicating a genito-parotid interrelationship. Wesselhoeft gives 
many citations from Owen,-*’ Darwin and others to prove this 
relationship, among which are: (a) Musky odor from crocodiles’ sub- 
maxillary gland at the breeding season; (6) enlargement of elephants’ 
face glands at the rutting season (also applicable to the Indian 
antelope); (c) acute simple parotitis resulting from genital injury 
by such maneuvers as catheterization, prostatectomy, pessary inser- 
tion, pelvic operations, deliveries and abortions; (cZ) parotid swelling 
occurring Mth menstruation, replacing menstruation, -until preg- 
nancy, dm-ing and after the menopause; (e) postoperative parotitis 
as in Paget’s cases. 
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A . Most authors regard orchitis as a true metastasis, or blood 
stream infection, localizing in the testis. Edwards*^ takes this view 
because of the rarity of primary orchitis. Walker''’ believes that, 
while the parotid is always involved in mumps, in certain cases the 
genital affection is so marked that the parotids remain unnoticed. 
Fougerousse'"' finds that the use of diathermy on the parotids is of 
value in the prevention of orchitis and thinks that this is good 
evidence for the metastatic mode of spread. Trousseau'" says 
orchitis is a metastasis and that its occurrence proves the existence 
of a sympathy between the parotid gland and the genital organs. 
Wesselhoeft considers the extensive glandular involvement through- 
out the body an objection to any theory but the septic. He lists 
the glands and organs which may become involved; ovary, Bartho- 
lin’s glands, mammary glands in males and females, lymph nodes, 
lachrymal sac, pancreas, thyroid, thymus, epididymus, prostate, 
bladder, urethra and genitalia. A case cited by Gould'*^ and diag- 
nosed “atypical mumps” was characterized by the involvement of 
one entire side of the body. Others"' ■*" definitely state that the 
orchitis of mumps is not a blood stream metastasis. 

jB, Another theory that has been advanced is that infective matter 
is transferred from the mouth to the penis by the fingers, whence 
the urethra and subsequently the genitalia become inimlved.'"' 

This has been easily disproved by prophylactic experiments in 
Avhich the hands were kept clean and the genitals surrounded by 
linen bags,^' The incidence of orchitis was unaltered. 

C. A third theory is that of glandular affinitj' and localization. 
This might operate by some means explainable by Rosenow’s special 
affinity theory and that of Abderhalden as regards the chemotaxis of 
tissue cells to poisons and foreign substances. That the genital 
glands are merely one of the sites in the body affected by mumps is 
the theory held by Currier,^ Comb\',®' ’’ Gerard,'*" and Tayler.*’ 
I averan says that orchitis is merely a symptom of mumps in the 
same way as is parotitis. 

D. Testicular trauma may predispose to orchitis"' *"■ "" and it is 
also said that absolute rest in bed may help to prevent the onset 
of orchitic complications."^ However, in two epidemics at Rugby 
in England, putting the cases to bed had no influence on the inci- 
dence of testicular involvement.'*" Moreover, cases of orchitis have 
been observed under circumstances where no possible trauma could 
have been sustained. Chill and exposure are probably not important 
factors in the onset of orchitis."" All these factors may, however, 
play contributory roles. 

Incidence of Orchitis. There is some confusion about this inter- 
esting and important subject, due to the fact that compilations of 
data by different authors not seldom overlap; and again, the figures 
quoted by different i\Titers from apparently the same sources are 
at variance. Representative statistics are listed in' the following 
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tabulation (Table 1). The average of the percentage incidence in 
those series comprising 1000 or more cases is 18.2 %. 


TAEiiE 1 . — Incidence op Orchitis in Mumps. 


Author. 

Incidence 
in per cent 
of cases seen. 

Cases. 

Reference 

No. 

Catrin 

. 18.5 

10,601 

56 

Wesselhoeft 

. 18.0 

8,000 

12 

Benard 

15.0 

5,000 

57 

Radin* 

. 13.9 

4,397 

10 

Benard 

. 20.0 

2,000 

67 

Longuet 

. 25.0 

1,555 

58 

Brooks 

24.0 

1,059 

11 

Comby 

. 30.1 

699 

7 

Capitan* 

18.4 ' 

690 

59 

Granier* 

. 23.2 

495 

27 

Benard 

22.0 

408 

67 

Rilliet and Barthez .... 

. 43.5 

230 , 

60 

Philadelphia Hospital for Contagious Dis- 
eases 17.1 

144 

15 

Thierry de Maugras .... 

29.0 

76 

63 

Chatin 

. 24.3 

37 

64 

Vidal 

. 38.4 

26 

61 

Busard 

50.0 

26 

62 

Hospital of Univ. of Pennsylvania 

. 28.5 

14 

14 

Laverant 

. 33.0 


8 

Hudelot 

. 60.0 


65 

Bieberbach and Vibber 

. 18.0 


66 

Fougerousse 

. 20.0 


46 

Macleod 

. 20.0 


67 

Tillim 

. 26.3 


16 

Tillim 

. 75.0 


16 

Saucerotte .... . . 

. 100.0 


68 

Chateauroux 

. 100.0 


69 

Vedrennes .... . . 

26.0 


72 

Included in series of Wesselhoeft, reference 12. 

Quoted by Benard, reference 57. 




It is interesting to note the age at Avhich orchitis may develop. 
Acker’’^ says that orchitis is rare in children. He quotes the obser- 
vations of Rilliet and Barthez (taken from Holt^^), ^Yhich note that 
orchitis was seen in only 10 of 230 cases of mumps, 3 of these 10 
under 15, and none under 12 years of age. Laveran* did not see 
orchitis in any boy under 14 in a large epidemic, and states that 
most of the cases were in the age group of 23 to 38. Lowe^® observed 
most of his cases between 17 and 40. Stevens’^'* regards this com- 
plication as imcommon before puberty. Beclere,''® Dukes,'** Sinclair** 
and a recent editorial vTiter’® all say that mumps orchitis practically 
never occnrs before puberty, and Vaughan* says that it never occurs 
before the 15th year. Wessellioeft*- observes that orchitis is usu- 
ally confined to puberty and adolescence, but notes that there have 
been three exceptions: 1 in a 9 months’ infant, 1 each in boys of 
9 and 11 years of age. He also says that the incidence of orchitis 
decreases in direct proportion to the decrease of mumps in advancing 
years. Comby" cites cases of orchitis in boys aged 14, 12, 13, 9, 4 
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and betAveen 15 and 17. In onr series of the Philadelphia Municipal 
Hospital, most of the cases AA'ere between IS and 30, the oldest 52 
and the youngest 17 (Fig. 1, A); all the cases at the Hospital of the 
UniA^ersity of Pennsyh'ania’'’ AA’cre in the early tAA'enties. 

In a series of 694 cases, Maeleod®^ obser\'ed that orchitis occurred 
in the second attacks of mumps in 17, and in the third in 1 . Brooks'^ 
says that AA’here there has been orchitis, the testes are sure to 
become inAmlved again. MitehelP^ has reported a case of mumps 
orchitis in an undescended testicle in a 33-year-old negro. Another 
such case in a boy of 14 AA^as reported by Ross.’® 

The incidence of orchitis, then A'^aries greatly AAuth the author, the 
number of cases in each series, and the type of epidemic or enAuron- 
ment. ^^Tiile the fluctuation is great, the majority of the larger 
series sIioaa's an incidence of about 18.2%; only 5 cases of orchitis 
haA^e been reported prior to the 12th year; and occurrence of orchitis 
is generally limited to the time of puberty (the 14th to 15th year) 
or later. 

Symptoms and Signs. The symptoms and signs which may be 
noted in a case of orchitis are A^aried and numerous, depending on 
a number of factors. The mode of onset, the seA’^erity of the affec- 
tion, and the degree of inA'oh^ement (unilateral or bilateral) are 
paramount. 

Table 2. — Dat or Appearance of Mumps Orchitib. 


As early or Reference 

Author. Usually. as late as; No. 

Macleod 7th 44th 67 

Mitchell 7th 77 

Dukes 7th or 8th 48 

Catrin 4th to 8th 56 

Servier 3d to 6th 1st and 10th 24 

BSclfere 2d 76 

AVesselhoeft Before subsidence 12 

of parotitis 


With regard to the mode of onset, most authors state that mumps 
orchitis is generally a sequel to mumps parotitis,®® and this Avas the 
iiiA'ariable finding in the two hospital series studied for this paper. 
The time of onset Agarics greatly (Table 2), It is stated’®- ®®- that 
exceptionally the orchitis maj-- precede the parotitis (as far ahead 
as 13 days’® or only 3 days®®). Wessellioeft'® enumerates 30 cases 
and Comby cites cases of Saucerotte®® in addition. .The French 
literature contains numerous examples®®- ®- ’^- ’®- ®^- ®®- ®®- of orchi- 

tis AAithout any parotitis whateAmr. Some of these cases are listed 
by Wesselhoeft (64 cases) and Comby® has added others (84) among 
AA'hich are epidemics at GeneA-^a and Danzig. Some of these cases 
haA'e been termed “spontaneous” or "abortive” orchitis.’®- ®®- ®®- ®’“®® 
^Wiether or not all of these are mumps is open to question. 
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The severity of the affection depends on the degree of involvement. 
When both testes are involved, the condition is certainly much 
more severe. Unilateral orchitis is commoner than bilateral, and 
it is said that the bilateral variety is very rare.®'- In a tabula- 
tion of 1200 cases'2 it would appear that the unilateral is two or 
three times as frequent. Other figures are given in Table 3. There 


Table 3. — FHEQUENcy of Bilateral Orchitis in Mumps. 


Author. 

Bilaterality, 
per cent of 
cases seen. 

Reference 

No. 

Madamet . 

0 

92 (7 cases) 

Macleod 

16 

67 

Radin .... 

20 

10 

Laveran 

28 

8 

Smith, G. C. . 

30 

93 

Gatrin .... 

30 

56 

Wesselhoeft 

25 to 35 

12 (1200 cases) 


is little difference between the frequency of involvement of the 
right and left sides.®' If the affection becomes bilateral, the 
second testicle is involved some time after the first, usually about 
the second day, and goes through the same cycle as did that first 
hit. Various attempts have been made to associate the side of the 
testicular involvement with that of the preceding parotitis, and to 
obtain some data from the severity of the parotitis in order to prog- 
nosticate as to possible orchitis and its severity. In general, there 
is no relation.®® It has been stated®® that orchitis is to be feared if 
there is considerable parotid swelling, submaxillary gland induration, 
and pronounced lassitude, but the sequence of events is not at all 
constant. Brown®^ reported 9 cases of orchitis where the involve- 
ment of the genitalia was ipsUateral with the parotitis in 8, and 
bilateral in the 9th. Acker’'® says orchitis is usually on the left 
side and on the same side as the “mumps.” Many others disagree, 
saying what is generally accepted: that there is no relation whatever. 

In general, the temperature is one’s best guide, both in diagnosis 
of genital involvement at an early stage and in following its subse- 
quent course. In the usual case, swelling and tenderness in the 
parotid gland on one or both sides has occurred and is practically 
subsided. The temperature starts to rise, and at the same time 
a certain malaise and anxiety is noted. Soon the patient begins to 
complain of tenderness in the body of the testicle on one side. Rapid 
swelling commences as the fever rises, and fluctuation may be 
noted.®^ (Edema usually appears on the 4th day, or often when 
the testicle is either enlarged or just starting to get smaller, but it 
is not always seen.) The slight tenderness increases in severity and 
soon gives way to very real pain, caused apparently by stretching 
of the tunica albuginea, the tunica vaginalis testis, and the scrotum. 
At the height of the involvement, usually on the 3d or 4th day, the 
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testicle may be enormously enlarged and the pain so severe that 
large doses of morphin will not relieve it. With the rise in tempera- 
ture, which may reach 105° F., goes a parallel rise in pulse rate, 
while the respiratory rate may or inaj^ not be increased. Anorexia, 
thirst, weakness, headache, vomiting, “white tongue,” and an “idle 
mind” are also observed.®” The testicle becomes very hard and 
tense, and this condition may persist 4 to 6 days. Gradually the 
swelling subsides, and the fever drops. The recovery is slower 
than the involvement, and some fever may persist until all swelling 
is gone. Some authors describe a true crisis, at which time all the 
symptoms are exaggerated, and after which recoverj' is extremely 
rapid.”” This probably occurs only in the most severe affections, 
and certainly the slow subsidence, or lysis, is more usually seen. 
The usual course of orchitis is about 10 days.'^^ The testicle during 
the lysis becomes smaller, usually firm, but shows pitting pressure 
if there has been scrotal edema. Some authors say that the epi- 
didymus is the first genital structure to become involved, and that 
it is always implicated.'”’ Others note epididymitis at a 

later stage onbv'®’ ”■ ®” or not at all.®” This is important from 

the prognostic point of ^•iew, since a temporary sterility may clear 
up if the trouble is only epididymal. The point is too controversial 
to be settled at the present time. It is generally said that primary 
epididymal inimh'eraent is seen in tuberculosis, gonorrhea, influenza 
and infectious diseases, but that genital affection in gout,®’ typhoid 
fever,®®’ ®’ undulant fe\’er’® and syphilis is orchitic. The spermatic 
cord and I'as may or may not be involved. 

Other rarer symptoms are noted from time to time. Oliguria, 
backache, nausea and vomiting may occur early in serious cases. 
On the other hand, pob’uria, urethral discharges, chills and excessive 
perspiration have also been described, while some'*'' say that urethral 
discharge, bladder irritation, suppuration and permanent changes 
in the epididymus are always absent. Rigidity and pain in the 
abdomen, especially in the inguinal areas along the course of the 
cord (i. e., a deferentitis or funiculitis) have been cited by several 
writers as signs whereby appendicitis or other acute abdominal con- 
ditions have been confused with the true situation. In the very 
seriously affected, especially when the temperature stays as high 
as 104° to 105° F. for 24 to 36 hours, central nervous system symp- 
toms such as delirium, stupor, and maniacal outbursts may super- 
I'ene.”^’ ®' In these cases, meningitis,®® or encephalomyelitis”® is 
sometimes suspected and may often be present (possibly the aseptic 
type), and the patient must be kept under severe restraint. There 
are many such cases recorded and the author knows of at least 3 
other unreported occurrences. 

A number of studies of the blood has been made on patients with 
orchitis. Investigators disagree on the findings. Feiling”' states 
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that orchitis often does not affect the blood picture, and that while 
leukocytosis may be present in orchitis, there is also seen in many 
uncomplicated cases a rise in the white cell count of the order of 
6000 to 13,500 with relative mononuclear increases. Wile*®® 
finds a constant Ij^mphocytosis and a slight rise in the neutrophils 
at the onset of the orchitis. Bieberbach and Vibber®® note a leuko- 
cytosis of 14,000 with 36% lymphocytes. In the 4 orchitis cases 
at the Hospital of the University of Pennsylvania, the white cell 
counts were 16,000, 9600, 18,600 and 1^,800, while those in the 
uncomplicated cases varied from 4400 to 9800. 

The failure to recover completely from orchitis is noticed sub- 
jectively in diminution in sexual power, or objectively in atrophy 
of one or both testes. It is generally said that “atrophy” of the 
testis occurs quite regularly.*®- ’**• ’■* This term is not at all 
clear, as it is frequently very loosely used. Most writers seem to 
mean onlj^ a reduction in size of the testis. With reduction of the 
enormous swelling and the cessation of pain the testes become soft 
and are then decreased in size by progressive stages. Later the 
testis may seem entirely normal or smaller than normal; and while 
the amount of reduction varies greatly®® it may be only temporary, 
with a rapid return to its pre-orchitic size. Therefore, while an 
examination made immediately after recovery from orchitis may 
reveal a small testis, later examination would perhaps show one of 
normal size or of half the normal size.®^- ®® Statistics on “atrophy” 
following mumps orchitis are given by many authors,®- ® and its 
incidence is generally put at between 40 and 60% by most,®*- ®®- 
101 , 66, 66, 49 though higher (63%) by others.® However it may be 
that “atrophy” is only an anatomic occurrence (Benard®^ states 
that he has seen but 2 cases of real atrophy, both unilateral), the 
fact remains that cases of physiologic atrophy are recognized. Bilat- 
eral “atrophy” is, of course, much rarer than the unilateral, and 
Granier®*^ says few have been seen. Stevens’** states that even 
bilateral atrophy does not mean loss of procreative powers. The 
cause of atrophy is essentially a pressure necrosis, and the results 
are aspermia and the loss of certain reflexes such as the cremasteric.®® 
Wesselhoeft*® describes areas of healthy tissue with normal func- 
tioning tubules separated by fibrosed areas of necrosis. There are 
usually no symptoms from an atrophied organ, but neuralgic pain 
may be manifest. The greater the severity of the orchitis, the 
better the chance of atrophy, and the more complete its degree. 
There are definite psychologic effects associated Awth testicular 
atrophy,*®- 'o® but at the same time, it has been said*® that an 
atrophied organ is better than none at all (c. q., after removal by 
surgery). Orchitis does not always mean subsequent necrosis. 

While the possibihty of sterility following “atrophy” from mumps 
orchitis is mentioned by nearly all authors, yet only 2 cases of physio- 
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logically proven sterility are recorded.*®-- Wessellioeft reports a 
sterile marriage after mumps orchitis; this, of course, proves nothing. 
He notes that cases of feminism have occurred, particularly that 
mentioned by Comby.*®* The latter says that effeminacy with 
enlarged breasts and eunuchoid voice can occur. Milder results than 
complete sterility, such as decreased sexual appetite or lessened 
ability to perform coitus (i. e., impotence) are observed.® It is 
said,*® however, that sterility results more often from atrophy of 
the prostate than that of the testis, and that the prostatic involve- 
ment should receive more attention. It is also a fact that bilateral 
orchidectomy causes prostatic atrophy. Therefore perhaps the 
prostatic involvement in mumps is secondary to the primary tes- 
ticular lesion. Huber*®® remarks upon complete frigidity in a case, 
apparently a second orchitic attack. At the other extreme, Benard®* 
maintains that sterility from atrophy after mumps orchitis is prac- 
tically unknown, stating that there was only 1 case in 175,000 cases 
of mumps in the French army, and he gives a number of statistics 
on these cases which might justify his stand. His chief arguments 
are: a, that the chances for bilateral orchitis after mumps are only 
1| to 2 in 100; b, that even partial bilateral atrophy is very rare;’ 
c, that after a suitable period of time many testes supposedlj-' hope- 
lessly atrophied were not so crippled and, d, that there are only 
2 cases of functionally proved atrophy in all literature. Laveran® 
also belittles the possibility of sterility, quoting Velpeau*®® to the 
effect that “mumps is the least grave of all orchitis causes.” On 
the other hand, many cases of sterility undoubtedly result, even 
though few***- **® appear in the literature. To support this state- 
ment, the author knows of 2 cases, communicated to him personally, 
which have resulted in total sterility, unquestionably due to the 
mumps orchitis which both patients contracted. 

In addition to the case of feminism cited by Lereboullet,*®® another 
has been reported by Laignel-Levastine and Courbon;*®® A young 
soldier, aged 22, tall, wy, strong in every respect, and especially 
active sexually, contracted mumps which was complicated by 
double orchitis. He was hospitalized for 26 days, during which 
time his fever went over 40° C., he had neck pains and Kernig’s 
sign, as well as a meningeal reaction (the spinal fluid showed in- 
creased albumin and 3 lymphocytes per cmm.). Seven months 
later his testicles were atrophying, his breasts were enlarging to the 
point of being clearly Hsible. Power of erection, sexual desire and 
vigor were all decreased, so that he felt a peculiar weakness after 
attempts at coitus. He grew iveak after all forms of muscular 
exercise and his secondary sex characteristics changed to those of 
a woman. His legs were large, lus abdomen big, his breasts quite 
enlarged, and his penis and testicles atrophied. There is apparently 
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no report on the subsequent progress of this case. It is most unusual, 
and it may well be that there was some endocrine factor in addition 
to the mumps.. 

Pathologic Anatomy. The pathologic changes occurring in the 
testicle during an attack of orchitis are almost entirely unknown, 
since surgical operations are but rarely performed, and as patients 
nearly always recover they do not come to autopsy. 

A few cases have been operated upon. Smith®^ reported 2 in 
which operation was performed in the hope of preventing atrophy. 
In both of these there was considerable enlargement of the hard, 
smooth testicle. On incision of the tunica vagiijalis, an ounce 
of yellowish turbid fluid, free of bacteria and parasites, was obtained. 
The testis appeared bluish, Arm and elastic, and showed punctate 
hemorrhages. The epididymus was enlarged, soft, and red, to black 
in color. The cord was edematous. In a microscopic study of 
1 of these cases, a non-uniform involvement was specially noted. 
The tubules were distended with an exudate made up largely of 
neutrophils and endothelial phagocytes. Destroyed tubules, hyalin 
degeneration, and lack of mature spermatozoa were also observed. 
Between these destroyed tubules fairly normal tissue was seen, as 
well as a few sex cells in mitosis. The intertubular connective tissue 
was edematous and contained an exudate made up of fibrin, red 
and white blood cells. The impression was that the involvement 
had proceeded along the intertubular connective tissue or had pro- 
gressed by way of the tunica albuginea. The latter was edematous 
and showed hemorrhages and exudation about the bloodvessels, but 
no necrosis. 

Comby® cites the observations of Reclus^®’ on a removed testicle. 
The gland was soft, flaccid and atrophied. The tunica albuginea 
was too large for its contained organ, and vninkled. The substance 
of the testis was bloodless, opaline and milky white. The cut surface 
was smooth, showing tubules faintly marked, soft and easily broken. 
He regarded the underlying lesion as a parenchymatous sclerosis. 
Malassez^®® made histologic examinations of this organ, and reported 
the tubules diminished in volume, their epithelium gone, and their 
form similar to cords. He noted also healthy bloodvessels, and 
intercanalicular connective tissue that was not thickened. It is 
reported^® that a serous exudate appears in the septa and lobules of 
orchitic testes and the tunica vaginalis is also involved. The scrotal 
skin becomes red and swollen, and the vas congested. In cats 
inoculated intratesticularly, epithelial degeneration and interference 
with spermatogenesis are found.’® The inflammation seen in orchitis 
disposes to cancer according to some'’® and sarcoma has been recorded 
as a later development in such a testis. All other descriptions of 
the testicle in mumps orchitis are of its external appearance, essen- 
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tially the same as previously cited. There are some variations. 
Comby® notes tliat suppuration may occur late in orchitis, and 
that this may go on to a -fatal peritonitis. He also recognizes a 
chronic orchitis. Ballenger and ]^lder‘®‘ say that testicular destruc- 
tion is probably due to some local toxic product of the organism 
causing mumps, or else it is a pressure necrosis only. If it is due to 
pressure, it is because the inflammatory swelling is prevented by 
the inelastic tunica albuginea. 

Diagnosis. Little need be said on this topic, except that while 
orchitis is an easy diagnosis in the midst of an epidemic, it may 
become very difficult at other times. The history of contact must 
be carefully sought, and other causes of orchitis must be eliminated. 
It is said® that perhaps the involvement of the epididymus may 
distinguish the orchitis of mumps from that of gonorrhea. 

There are a number of types of orchitis other than that occurring 
in mumps, in the same way as there are other forms of parotitis, 
Ballenger and Elderi®^ list traumatism, gonorrheal infection, malaria, 
typhoid fever, scarlet fever, influenza, rheumatism, gout, and they 
also note that suppuration and atrophy are rare in these cases. To 
this list, Hughes®® adds measles, also mentioning that mumps orchi- 
tis is by far the most frequent acute inflammatory swelling of the 
testicle. He notes that suppurative inflammation of the testicle 
can occur after infection of the bladder or urethra with Bacterium 
coli, especially in old men with prostatic obstruction. Bieberbach 
and Mbber®® add paratyphoid fever, smallpox, tonsillitis and diph- 
theria to the long list. Various other types of orchitis are men- 
tioned, mainly in connection with mumps, by French writers. 
Types such as the “abortive” variety, and the “spontaneous” 
forms, terms which are concerned with the time relation between 
parotitis and orchitis, come into this category.® A type of testicular 
involvement which Catrin®® says must be distinguished from the 
orchitis of mumps because of its mild character is “fluxion testicu- 
laire.” A case has occurred in the Hospital of the University of 
Pennsylvania where a tuberculous origin was suspected. 

Treatment. Treatment of orchitis is of two sorts: prophylactic 
and palliative. The first prophylactic measure to be thought of is 
the pre^'ention of the disease. This may be accomplished by a 
quarantine of 21 days, as practised in certain localities for the pre- 
vention of contact spread.*® Some regulations require isolation in 
separate cubicles. All these measures have been tried, in order to 
lessen the extremely rapid spread of mumps as observed in camps 
during the World War. The application of diathermy to the 
parotids has been mentioned under pathogenesis.^® In the past 
several years convalescent mumps serum and, more lately, lyophile 
serum have been tried extensively**®'**® vith very fair prophylactic 
success. In the prevention of complications in established mumps, 
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Sailer'll and Wesselhoefti^ say that all such measures as boiling 
utensils, , cleaning the hands and preventing infection from reach- 
ing the urethra are useless. The faradic current has been used. 
Others'-’ advise absolute rest for a long period after the onset 
of mumps as a measure to prevent complications, but it is also 
said''*’ that the amount of bodily activity has no effect on orchi- 
tis. Some effects have apparently been noted from the use of con- 
valescent serum as advocated by Gradwohl et alP Ice packs, tes- 
ticular elevation and dietary measures may be possible aids.**^ 

Most authors say that one should make no attempt to manage 
the developed case of orchitis, since it must run its course in any 
event.^'’ 

There have been manj^ measures suggested in the medical man- 
agement, as is usually the case when no definite regime is recognized. 
The most important methods in use include rest in bed with elevation 
of the testicle and the use of the suspensory bandage. Heat, in 
the form of a hot-water bottle or poultice, especially combined witli 
an emollient or belladonna ointment, or cold by means of an ice 
pack is very helpful. Manipulations should not be used in those 
cases where there is great pain. Other remedies more frequently 
used are listed for the sake of completeness: ammonium chlorid, 
tobacco poultices, phenacetin, salol, digitalis;^ urotropin:® aconite, 
veratrum viride, pulsatilla, biniodid;’® purges, bland diet;®''’ bro- 
mids, ichthyol, guaiacol;'® and quinin mixture.''^ More lately con- 
valescent serum has been tried and some success obtained. Its 
endorsers®® say: “We were particularly struck by the remarkable 
effect of these injections upon the complication of mumps, to wit, a 
lessening of pain, and in earlier subsidence of swelling, together 
with an earlier drop in temperature.” They saw relief of extreme 
pain from orchitis in 5 hours. In a recent case of bilateral orchitis,'®® 
marked improvement was obtained 36 hours after serotherapy. 
There is no good routine for the medical treatment of orchitis; it 
is merely symptomatic. 

Some cases have been treated by surgery. Abraham®® advised 
incision of the testis to relieve tension and prevent sterilit3^ Bal- 
lenger and Elder'®' recommend anterior incision through the tunica 
albuginea in several places to allow bulging, followed by replace- 
ment of the organ and closure of the wound. Cases in this series 
that had been operated upon, and those done by Bieberbach and 
Vibber,®® showed good results. Smith’s 2 cases®® were treated surgically 
for the same reasons and in much the same way. H. Smith'®® reports 
a case with marked relief after operation. Wessellioeft says inci- 
sion and relief of pressure may help very materially. 

Recently advocated treatment by hypodermic use of antuitrin-S 
may alle\date sterility produced by mumps, though not enough 
cases have as yet been observed.'"- "® 
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Summary and Conclusions. 1. Mumps is caused by a virus, 

2. Orchitis in mumps is important because of the possibility of 
subsequent sterility or impotence, 

3. There is a definite relation between tlie parotid gland and 
the genitals. 

4. Orchitis usually follows parotitis and is more often unilateral 
than bilateral. 

5. Orchitis is probably a hematogenous metastasis. 

6. Orchitis is most frequent at the age of puberty; its incidence 
in a large number of cases is about 18,2%. 

7. Rise in temperature; swelling, tenderness, pain in the testicle; 
subsidence of fever by lysis; later A'ariabilitj' in size of the gland are 
prominent symptoms of orchitis. 

8. Orchitis may be complicated by a number of conditions, 
among which may be included: a, Meningitis, and other central 
nervous system involvements; h, “atrophy” of the testis occurs in 
40 to 60%; c, impotence and sterility certainly do occur. 

9. The lesion in orchitis is probably a parenchymatous sclerosis. 

10. Diagnosis in epidemics is easy; it may be difficult in the 
absence of an epidemic or of marked parotitis. 

11. Prophylaxis is by prevention of the disease;, treatment is 
purely symptomatic. 

12. The use of convalescent serum or surgical incision may give 
good results. 
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the Department of Neurology, Harvard Medical School.) 

Supplementing previous articles,*-* on the causes and differential 
diagnosis of coma in patients entering a general hospital, the present 
study aims to point out the need for a routine diagnostic procedure 
and to offer, from the experience gathered in this study, such a 
coma routine. , - 

Of the 1167 patients (3% of the total hospital admissions) who 
entered this hospital in coma, in 1933, 1101 (94%) were diagnosed 
correctly on admission. It should be pointed out that 690 of these 
patients were in alcoholic coma, and 688 of these were correctly 
diagnosed on admission. Of the 477 non-alcoholic patients, 64 
(13%) were incorrectly diagnosed on admission. Though these 
figures seem unusually good when compared to Bissell and Lecount’s* 
statistics, the two studies are not comparable inasmuch as they 
analyzed only cases coming to autopsy, and the excluded recovered 
cases were probably easier to diagnose. In the total group of 
66 cases which were incorrectly diagnosed on entry in our series, 
47 resulted in death. We estimate that in 18 of these, death would 
possibly have been preventable if a correct diagnosis had been made 
on admission and appropriate treatment started at once. We 
further feel that the lack of a proper coma routine may have con- 
tributed seriously to the failure to make the correct diagnosis in 
these cases. 

The medical student ordinarily receives very little instruction 
from the school and textbook in the practical matter of handling 
the patient in coma from unknovm cause. The hospital intern 
soon acquires skill in this direction by experience. But the intern 
staff, which in the general hospital is the group responsible for the 
rapid and efficient analysis of these patients, is constantly changing. 
To insure uniform efficacy, it is suggested that a fairly rigid pro- 
cedure be set up and followed by the house physicians as a coma 
routine. 

From a consideration of the records of the 1167 patients pre- 
viously referred to, the following data in relation to a coma routine 
have been accumulated. 
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examination which have been of particular diagnostic value in this 
series of coma cases are listed below in the summary. 

From the practical standpoint, it cannot be overstressed that 
patients who enter the hospital in coma should be treated as emer- 
gency cases. The intern to be directly in charge of the patient 
should be called at once to examine the patient, preferably while 
the patient is still in the admitting room. Special diagnostic meas- 
ures, if necessary, can then be undertaken without delay, and 
therapy started as soon as possible. 

The Importance of Roentgen Rays. In some cases, Roentgen rays 
are of definite diagnostic value in determining the cause of coma. 
In the series of cases analyzed by the authors, they were of assistance 
in establishing the diagnosis in 74, or 6% of the total cases. Among 
the cases incorrectly diagnosed, they would have been of service 
in making the correct diagnosis in 15 cases, or 23% of the total 
cases incorrectly diagnosed. 

The chief value of the Roentgen ray in these cases is as an aid 
in establishing the diagnosis of coma due to brain injury, through 
the demonstration of fractured skull. Roentgen rays of the chest 
are of diagnostic value in patients with coma due to pneumonia, 
or cardiac decompensation. 

Because of the relative frequency with which fractures of the 
skull are overlooked in patients who enter the hospital in coma, 
Roentgen rays of the skull should be taken routinely on comatose 
patients ivho show evidence of injury. Unless the patient is in 
shock, they should be taken before the patient is sent to the wards 
from the admitting room, thus eliminating delay and unnecessary 
moving of the patient. 

The Importance of Laboratory Work. It is well recognized that 
laboratory data can be of great assistance in making the diagnosis 
in cases of coma of unknown cause. In fact there is a tendency in 
coma cases to pay too much attention to laboratory studies and not 
enough to a careful history and examination of the patient. It is 
noteworthy, that in not a single case of those incorrectly diagnosed 
in this series, was the lack of sufficient laboratory data to blame. 
In our total series, laboratory work other than the lumbar puncture 
was of diagnostic value in 107 cases (9%). 

The various laboratory procedures, and the relative order in 
which they should usually be done, are indicated below in the 
summary. 

The Importance of the Lumbar Pmictnre. In some communities 
the lumbar puncture is still looked upon askance as a dangerous 
procedure, to be imdertaken only on rare occasions by the neurologist 
or neurosurgeon. But the safety and value of the lumbar puncture 
in the hands of the general practitioner have been well established. 
In oases of coma of unknown origin we regard it, after the physical 



360 SOLOMON, aring: dl\ gnostic procedure in coma 

examination and history, as the most important diagnostic pro- 
cedure. In 174 cases, or 15% of the total eases in this series, the 
lumbar puncture was of critical diagnostic significance. Among the 
cases incorrectly diagnosed, 16 (24%) would probably have been 
diagnosed correctly had a lumbar puncture been done. 

The lumbar puncture should be made a routine diagnostic pro- 
cedure in cases of coma in which there is evidence of injury (except 
in the presence of shock), in cases with neurologic signs or symptoms, 
and in all cases where the diagnosis is obscure. The various 
observations and tests to be done on the cerebrospinal fluid are 
noted below. 

Summary. The essential practical points in the above discussion 
have been abstracted and grouped in the form of a chart suitable for 
display in the hospital admitting room and intern laboratories (see 
chart). From the evidence presented, it is felt that the coma 
routine herein described will be of value in the proper handling of 
the patient who enters the hospital in coma. 

Coma Routine. Patients entering the hospital in coma are emer- 
gencies. A life may depend on the rapidity with which a diagnosis 
is made and treatment instituted. 

I. History. This is of paramount importance. If no friends 
accompany the patient, talk to the avtbidance man. Then send out 
the police or a social worker. Inquire especially about: type of 
onset, injury, alcohol, other poisons, infections, convulsions, headache, 
previous illness (diabetes, kidney trouble, heart trouble, high blood 
pressure). 

II. Phi'SICAl Exajiination. Be rapid and thorough. Remem- 
ber this is essentially veterinary medicine. Your patient cannot 
help you. Use your eyes: Note the patient’s color, posture, move- 
ments ; look for wounds, especially in the scalp. Examine the pupils, 
the eyegrounds, the eardrums, the throat. Use your Nose: Is there 
an odor to the breath— alcohol, acetone, illuminating gas? Use 
your hands: Feel for a stiff neck, for fractures, for imiscle and vaso- 
tjioior tone in the extremities, for enlarged glands, palpate the 
abdomen, test the reflexes. Use your Ears: Examine the heart and 
luiigs. Take the temperature, pulse, respiration and blood pressure. 

III. Roentgen Rays. Should be taken while the patient is on 
the way to the ward, unless the patient is in shock, when immediate 
shock treatment takes precedence over everything else. Skull plates 
should be taken in all injuries, and whenever the diagnosis is not 
evident. Other plates as indicated. 

IV. Laboratory Work. (1) Gastric lamge for all poisonings, 
and sei'ere alcoholics. Save the contents. (2) Caiheterize and e.xam- 
ine the urine as soon as possible. If reducing substances or acetone 
are present, and in all diabetics, do a blood sugar at once.* (3) Do 

* Coma due to hyperinsulinism is recognizable by blood sugar estimation, — 
[Editobs.] 
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the routine blood (red and white counts, hemoglobin and smear). 
In the presence of infection take a blood culture. (4) Take blood 
routinely on non-traumatic cases for a Wassermann and non-])rotein 
nitrogen determinations. (5) Spectroscopy, icteric index, van den 
Bergh, electrocardiograph, blood CO 2 combining power, etc., when 
indicated. 

V. Lumbar Puncture. Routine in all inj^iries (except during 
shock), cerebral vascular accidents, convulsions, in the presence of 
signs of increased intracranial pressure or meningeal irritation, and 
in all cases where the diagnosis is obscure. Note the initial pressure, 
color of fluid, red and white cell count and Ross-Jones protein test. 
Remove enough fluid for Wassermann, total protein and gold solution 
examinations. When indicated, do smear, culture and chlorid and 
sugar determinations. 
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PAGET’S DISEASE (OSTEITIS DEFORMANS). 

Analysis of 116 Cases. 
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PRESBYTERIAN HOSPITAL, NEW Y'ORK CITY'. 
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The classic obserArations of Sir James Paget on osteitis deformans^ 
have been confirmed and extended by subsequent ini'estigations 
in A’^arious fields. Clinical reports on large groups of patients- hai-e 
contributed in particular to the recognition and study of the disease 
in its early stages, an adi’^ance made possible by the introduction of 
roentgenologic examination. Biochemical research has proAuded 
a means of obtaining corroborating cA'idence in diagnosis through 
Kay’s^^ discoA'ery of the increased blood phosphatase actiAuty in 
osteitis deformans. ExtensiA-e pathologic iin-estigations, notably 
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those of Schmorl,^ have facilitated the ultimate histologic diagnosis 
of the disease by establishing as characteristic a disordered “mosaic” 
architecture, resulting from the formation of irregular segments of 
lamellar bone, with prominent cement lines.® 

Apart from their general interest, these advances .ha^^e important 
implications in medical practice. It is now efndent that the dis- 
ease is not as rare as was formerly supposed but must be accounted 
among the more common primary affections of bone occurring after 
the third decade of life. The differentiation of Paget’s disease from 
other diseases of bone, hj'perparathyroidism for example, may be 
of vital importance in determining the course of treatment. The 
management of Paget’s disease still presents many problems since 
treatment, except for palliative relief of pain in some cases, is unsat- 
isfactory. The etiology of the disease remains unknoAvn. 

The observations recorded here are based chiefly upon the records 
of 104 cases of Paget’s disease seen in the wards or outpatient 
department of this hospital from 1915 to 1935.* Of this number, 
59 were seen from 1930 to 1934 inclusive, the total number of neAV 
patients treated during this period being approximately 200,000, 
of AA'hom about 70% were over 30 years. ObserA'ations for a 
period of 5 years or longer were available in 26 cases. We had 
the opportunity to examine 77 cases of Paget’s disease ourseh''es. 

The diagnosis was established radiologically in every instance. 
With the exception of 3 verj' early cases, the lesions were sufficiently 
advanced to satisfy unequivocally currently accepted roentgenologic 
criteria of Paget’s disease. In the early cases, the findings were 
limited to isolated areas of sclerotic condensation in a matrix of 
coarsely trabeculated bone. In addition to radiologic CAudence, 
41 cases presented deformities AA'hich made the clinical diagnosis 
obAuous or probable. The phosphatase activity of the blood was 
determined in 76 patients® and found to be eleA^ated in all but 
1 early case. 

Fifty-eight of the cases Avere males, 58 Avere females; 13 patients 
AA'ere negroes. No correlation betAveen incidence and nationality 
or occupation could be established. No one station of life seemed 
to be particularly prone to the disease. In 4 instances, more than 
one member of the same family were found to be affected. In 1 
case, 3 siblings and their mother presented the typical picture of 
the disease (Case 5, F. F.), in another 2 brothers and a son. The 
mother of a third case Avas shoAAm to have osteitis deformans by 
radiologic examination elseAvhere. Taa'o of the cases in this series 
are brother and sister. SeA'eral other jiatients gave vague descrip- 
tions of other members of their families Avith moderate boAving of 

* This study was made possible through the cooperation of the members of the 
medical, surgical and radiologic staffs. AA'e are indebted particularly to Dr. AA'. A\'. 
Palmer and Dr. Ross Golden. AA’e wish to express our appreciation also for the 
opportunity to examine 12 cases seen in other hospitals. 
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extreiuities or enlu.rgeiDent of the head, but these reports could not 
be investigated. 

As in all previous studies,’ the patients in this group were over 
30 years of age when the disease was recognized (Table 1) with the 

lie Cases of Paget’s Disease. 

30-39 40-49 50-59 60-69 70-79 

6 22 34 40 13 

9 29 35 12 2 

exception of one patient who gave her-age as 28. The figures relat- 
ing to age when the first symptoms appeared are approximations 
only, as in some instances the onset was so insidious that the dura- 
tion of symptoms, could not be determined accurately; in others, 
it was not clear whether the symptom (pain, for example) should 
be attributed to Paget’s disease or to coexisting pathology such 
as osteoarthritis or arteriosclerosis. No inference as to age at 
onset of the disease can be drawn from the age when symptoms 
first appeared, since the time which may elapse before bone lesions 
elicit sjTnptoms varies widely in different patients. It is significant, 
however, that, so far as we have been able to determine, no authen- 
tic case of Paget’s disease has been recognized in persons before the 
age of 25. 

Twenty-seven cases had no symptoms or signs that could be 
referred to Paget’s disease at the time the diagnosis was made. 
Skeletal changes were discovered fortuitously in the course of 
roentgenologic examination of the gastro-intestinal tract (12 cases), 
genitourinary tract (8 cases), paranasal sinuses (6 cases), or chest 
(1 case). In 12 of these patients subsequent radiologic examination 
of the skeleton showed fairly extensive Paget lesions vfhich were 
entirely unsuspected by the patient or by the examining physician. 
There can be no doubt that a large proportion, of cases of osteitis 
deformans escapes detection. Schmorl’s systematic postmortem 
studies revealed an incidence of about 3 % in persons over 40 years 
of age.’* 

In the 89 cases with symptoms referable to Paget’s disease, within 
the limitations already alluded to, the course of the disease was 
usually so insidious that the patients did not apply for medical 
aid until many years after the onset of s 3 Tnptoms. Even then, in 
25 cases, thej^ consulted a phj'sician primarily because of some 
unrelated disease. The initial manifestation of the disease appeared 
acutely in 18 patients, in the form of sharp pain (12 cases) or patho- 
logic fractures (6 cases). 

The initial and major sjunptoms of this group are summarized in 
Table 2. The most common first manifestation of the disease was 


Table 1. — Age Incidence of 


Age in years. 25-29 

Age •when diagnosed, number of 

cases 1 

Age at onset of symptoms, num- 
ber of cases (27 oases asympto- 
matic) 2 
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Table 

2. — Imtial Symptom and Major Sub.seqdent Sy.MPTOMS in IIG Cases of 


Paget’s 

Disease. 




Initial 

Major Bubsequent 



eymptoni 

symptoms 



(number of cases). 

(number of cases). 

1. 

Pain back; hips; e.xtroniities 

.... 37 

03 

2. 

Headache 

. . . . 0 

31 

3. 

Deformities legs; spine; arms . 

. . 17 

48 

4. 

Enlargement of skull 

.... 13 

28 

5. 

Fractures 

.... 0 

10 

6. 

Deafness 

. . . . 3 

20 

7. 

Difficultj’^ in gait .... 

. . . 5 

38 

8. 

Paresthesias 

2 

0 

9. 

Vertigo 


22 


AsjTnptoinatic . 

.... 27 

22 


pain in the region of bone involvement, usually in the legs, lower 
back or hips. This was a dull ache, most frequently not sharply 
localized, usually worse after exercise and relieved by rest. Occa- 
sionally, the pain would occur at night. T'arying degrees of stiffness 
in the joints were commonly associated with the pain. These 
complaints were generally considered “rheumatic” or “neuralgic” 
and often dismissed as due to “old age.” The pain was rarely as 
severe or as generalized as in many advanced cases of hjqjerpara- 
thyroidism and more likely to mitigate or disappear spontaneously 
in the course of the disease. Definite bone tenderness was present 
in only 3 cases. Diffuse muscle pain and spasm were common 
accompaniments of deformities. Acute cramp-like muscle pain 
occurred most frequently in the cah'es of the legs. Thirty-one 
patients complained of pain in the head varying from an occasional 
headache, dull or throbbing in character, to the most excruciating 
recurring neuralgia. IMany patients with obvious involvement of 
the skull had little or no headache. 

Xo deformities whateA'er had been obser^'ed by the patient in 57 
cases. Of these, in 45 instances no definite aberration from normal 
bone contours could be made out upon careful clinical examination 
of areas shown by. Roentgen raj- to be invoh'-ed, sometimes quite 
extensively. This occurred most frequently when the pelvis and 
lower spine were the site of the lesion, less often wlien the bones of 
the extremities, more amenable to palpation, were involved. In 
only 17 patients had skeletal deformities advanced so far as to 
present the complete picture so graphically described by Paget 
(Fig. 1). The majority of eases (54) presented deformities but did 
not conform to the classic picture of the disease. Unilateral or 
bilateral bowing of the femora (usually with convexity of the lateral 
aspect), tibiie (usually with convexity of the anterior aspect) or 
humeri were encountered, singly or in combination, with or without 
abnormalities of the spine and skull. Xlneteen cases had markedly 
bowed extremities without obvious skull enlargement, 14 had mas- 
sive heads without obvioush' deformed extremities. Eleven patients 
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had deformities of the radius oruJua, usually associated with changes 
elsewhere. In only 3 instances was involvement of the small bones 
of the hand or foot recognized. 

Pain was usually present for some time before deformities were 
noted, but in 22 cases the appearance of deformities was preceded 
by no pain or by only slight pain. By the time any one bone was 
so extensively involved as to be obvious clinically, radiologic exam- 
ination of the remainder of the skeleton almost invariably revealed 
lesions elsewhere. This obtained also for the tibite which appeared 
to be normal clinically in 16 cases presenting advanced deformities in 
other bones. While abnormalities of the tibise may be the first or 



Fig. 1. — M. P. Advanced Paget’s disease, showing marked asjTiimetric enlarge- 
ment of the skull (64.2 cm.), with parietal bossing. An unusual feature is the in- 
volvement of the mandible, which is apparent. 

only sign of the disease, and are easy to palpate, the importance of 
bowing of the tibiae as an early clinical sign of Paget’s disease has 
been overemphasized, we believe. Deformities in persons under 
40 years of age are rarely due to osteitis deformans. But Paget’s 
disease must be considered among the more common non-traumatic 
causes of deformities in extremities developing late in life. 

Marked bowing of a long bone may lead to the development of 
numerous incomplete fissure fractures of its convex aspect (Fig. 2a). 
Pathologic fractures, characteristically transverse, usually follow 
(h ig. 2b). In 14 cases, fracture after little or no trauma had occurred, 
m 6 instances without preceding pain in the affected limb. Com- 
pression fractures of the spine, apparently as>Tnptomatic, were 
disco^’ered in the Roentgen ray films in 3 instances. Most frac- 

VOL. 191, NO. 3.— si.tncij, 1936 13 
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tures healed firmly M'ith abundant callus (Fig. 2c) usually within 
the period required for union of normal bone. 

Fatigability and moderate general muscle u'eakness were com- 
mon, particularly in patients with deformities of the low'er extremi- 
ties. As bowing wdth shortening of one leg progressed, limp devel- 
oped (Fig. 3) and as deformities advanced, locomotion became more 
and more labored; 12 patients could not walk unsupported, some 



Fig. 3. — L. M. Moderately advanced Paget's disease. To show characteristic posture 
noted in many cases where there is marked shortening of one leg. 

could not even stand. Marked muscle atrophy and some decalci- 
fication of the bones due to disuse were common in such cases. For 
the most part, however, as Sir James Paget pointed out,^ patients 
with osteitis deformans are able to support their weight in spite of 
extreme deformities of the lower extremities. In 7 cases, difficulties 
in gait became manifest in the absence of any bowing of the legs 
or were wholly disproportionate to the mechanical disability present. 
Such patients developed an uncertain, broad-based waddle and 
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characteristically progressed by supporting themselves on successive 
fixed objects in their paths. Incapacitation was likely to progress 
more rapidly and to become more complete when due to impinge- 
ment of bone upon the cerebellum, spinal cord or spinal nerve roots 
than when due to bowing or other mechanical diflSculties. 

The infrequency of predominating psychic or neurologic symptoms 
has been commented upon many times, since contraction of the 
vertical diameter of the cranium'' and of the lumen of the spinal 
canal and nerve outlets® may be striking. Two cases in this series 
had dementia, 2 others were paranoiac. As the skull was markedly 
involved in all these cases, there may have been some relation to 
Paget’s disease. Symptoms suggestive of cerebellar ataxia, seen in 
some of our cases, may be inconspicuous despite roentgenologie 
evidence of marked cerebellar compression. Impairment of hearing 
was the most common manifestation of cerebral nerve involvement. 
Twenty-six patients complained of deafness but in many instances 
this was the result of infection or, where audiograms were obtained, 
was shovm to be due primarily to faulty bone conduction. Impair- 
ment of vision was not uncommon but was the result of optic atro- 
phy in only 4 instances. For the most part, changes in the eye- 
grounds were secondary to sclerosis of the retinal vessels which 
was present in some degree in most patients. Case J. R, illustrates 
the occasional association of angioid streaking with Paget’s disease. 
Numbness and tingling of the feet ivas the initial sjTuptom in 2 
cases. How much of the disability and pain observed in many 
cases should be attributed to nerve impingement is uncertain. 

Our series is unusual in that sarcomatous degeneration was not 
observed. One case died of sarcoma but this was thought to be 
unrelated since postmortem examination shoAved the tumor to be 
of the reticulum cell tjqje. Another case, suspected of early sarcom- 
atous changes, is being followed. 

Roentgenologic Considerations. The importance of roentgeno- 
graphic examination is illustrated by the fact that clinical evidence 
sufficient to warrant the diagnosis of osteitis deformans Avas absent 
in almost tAA'^o-thirds of our cases. In all cases, radiologic study 
AA'as considered essential for confirmation of the diagnosis as well 
as for determining the extent and character of the pathology in 
A'arious bones. Recapitulation of the characteristic and aa^cII- 
knoAAm roentgenographic features of Paget’s disease is unnecessary 
here.^ Only specific details aauU be considered, particularly those 
relating to bone changes disclosed by folloAA'-up studies, in some 
instances of 10 years’ duration. 

In 14 cases the lesions appeared to be localized to a single area. 
Of these, however, 8 AA'ere in the skull or pelvis and involved at 
least tAvo adjacent bones, so that the term “moTiostotic” could be 
' applied properly to only 6 cases. Early lesions in a long bone AA'ere 
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confined almost invariablj’^ to one end of the shaft, the remainder 
of the bone being apparently normal (Fig. 4); or both ends of ' the 
shaft were involved and in the course of time appeared to converge 
toward the midshaft. In the pelvis, early lesions were seen most 
frequently in the area comprising the bodies of the ischium, pubis 
and ilium, medial to the acetabulum. In many of the early cases, 
only one side of the pelvis was involved. The marked deformities 
seen in some pelves due to upward and inward protrusion of the 
heads of the femora, as well as the bowing of weight-bearing long 
bones, reveal the softening of bone which may take place in this 
disease. In many instances, different bones or even different areas 
of the same bone presented strikingly varied lesions ranging from 
local or regional osteoporosis with coarsened trabeculations to dense 
osteosclerosis. In several cases, the development of sclerosis in 
striated areas could be demonstrated in subsequent films. Osteitis 
deformans maj' become arrested at any stage as shown in Case 
M. S., where the lesion in the pelvis remained practically stationary 
in the coarsely striated stage for 10 years. It would seem hazardous, 
therefore, to draw from a single roentgenogram, any conclusions as 
to the activity of bone changes or to predict the course of the disease. 

Table 3.— Incidektce of I^,•voLVEMEKT of Different Bones in 116 Cases of 

Paget’s Disease. 



Number 

No. not 

No. show- 

Early 

Advanced Bilateral 

Skeletal distribution. 

studied. 

involved. 

inginvolv. changes 

changes 

involv. 

Skull* .... 

. 105 

23 

82 

17 

65 


Scapula .... 

. 63 

45 

18 

4 

14 

8 

Clatucles .... 

63 

48 

15 

6 

9 

10 

Ribs 

63 

55 

8 

4 

4 

3 

Cervical spine 

46 

41 

5 


5 


Dorsal spine . 

. 64 

38 

20 

8 

18 


Lumbosacral spine . 

. 92 

41 

51 

17 

34 


Peh-is 

. 101 

11 

90 

10 

80 


Humerus .... 

. 63 

26 

37 

10 

27 

11 

Radius .... 

27 

20 

7 

6 

1 


Ulna 

27 

22 

5 

4 

1 


Hands .... 

8 

7 

1 

1 



Femur .... 

91 

32 

59 

8 

51 

33 

Patella .... 

60 

59 

1 

1 



Tibia 

63 

29 

34 

7 

27 

14 

Fibula .... 

. 03 

59 

4 

4 


1 

Feet 

6 

5 

1 

1 




* In 3 cases, osteoporosis circumscripta of the skull was the only skull manifesta- 
tion, T\-ith typical Paget changes elsewhere. 

In the skull, early “cotton-wool” changes were seen most 
frequently in the frontoparietal or frontal region, rarely in the 
occipital region alone. Involvement of the base of the skull (7 
cases) or of the facial bones (6 cases) was unusual and was never 
seen unless advanced lesions of the cranial vault were present. 
Osteoporosis circumscripta of the skulk® was observed in 10 cases, 
together with a “cotton-wool” appearance of the calvarium (7 
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cases) or as tlie only skull change associated with Paget’s disease 
elsewhere. Follow-np studies showed that tj^iical lesions of osteitis 
deformans developed in the osteoporotic area which itself expanded 
during this period (Fig. 5; see Ref. 10 for other examples). Osteo- 
porosis circumscripta should not be confused with the multiple 
rounded areas of local osteoporosis often surrounding “cotton-wool” 
lesions in the calvarium. 

Generalized decalcification of the skeleton, of the type seen in 
hyperparathyroidism, was not encountered. Varying degrees of 
osteoporosis were seen associated with coexisting marked arthritis 
or where the patient was confined to bed as the result of fractures 
or deformities. Cystlike changes, thought to be fatty-marrow 
spaces,® were seen occasionally at the proximal ends of the femora 
or humeri. Fractures, described above, occurred most frequently 
in the femora, humeri and tibiae. 

The incidence of osteitis deformans in various bones in these 
cases is summarized in Table 3. The pelvis, skull, femur, humerus, 
lumbosacral spine and tibia were most commonly involved. 

Biochemical Considerations. The blood constituents of chief 
interest are those most intimately concerned with bone metabolism, 
so far as they are known; calcium, inorganic phosphorus and phos- 
phatase. As reported in most recent studies,^ the serum calcium 
and inorganic phosphorus are within normal limits, whereas the 
blood phosphatase activity is increased. Of the 78 cases exam- 
ined, the serum calcium was between 9 and 11 mg. % in 69, 
between 11.1 and 11.5 mg. % in 8. In 1 patient repeated values over 
12 mg.% were obtained, apparently due to complicating factors 
and not to the localized Paget lesion present.^^ J^ecent investiga- 
tion warrants the conclusion that the diagnosis of uncomplicated 
Paget’s disease is doubtful where repeated analyses by competent 
observers show elevated serum calcium values. 

The serum inorganic phosphorus in the 77 cases examined was 
not less than 2.7 mg.% or more than 4.2 mg.% -except where asso- 
ciated renal impairment caused retention. With the exception of 
1 early case, the determination of serum phosphatase activity in 
76 patients uniformly yielded values exceeding 4 Bodansky units 
(the maximum for normal adults”'* by Bodansky’s method). 
Our results favor the ^dew that the level of blood phosphatase 
activity in this disease is determined largely by the extensiveness 
of skeletal involvement, as shown by Roentgen ray (Fig. 6). In 
our 5 most advanced cases, the values ranged from 130.3 to 59.5 
Bodanslvj' units. In our 10 cases presenting only early localized 
lesions, the blood levels ranged from 8.3 to 4.5 Bodansky units, 
with the exception of 1 case in which a value of 1,8 Bodansky units 
was obtained. In 13 of 15 cases presenting advanced involvement 
of one area with early lesions elsewhere, the spread was between 
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20.8 and 4.1 Bodansky units. In the 2 remaining cases, in which the 
skull was maximally involved, the values were 53.6 and 49.1 Bodan- 
sky units. In the remaining group of cases, the most common type 
encountered, presenting advanced polyostotic lesions, there was a 
diffuse scatter over a very wide range: 120.6 to 9.7 Bodansky 
units. In this group particularly, disproportionately high values 
may be found in cases presenting an unusually rapid course and 
unexpectedly low values may be encountered in cases clinically 
quiescent. It would appear, therefore, that the rate at which the 



Fig. 6. — Distribution figure to show tho correlation between serum phosphatase levels and 
extensiveness of bone involvement in 70 cases of Paget’s disease. The cases are divided 
arbitrarily into four groups, according to the extent of bone involvement as shown by 
Roentgen-ray. Group 1 comprises the most advanced cases, Group 4 those with early 
localized lesions (see te.xt). The hollow dots represent cases progressing relatively rapidly. 


disease progresses may affect the level of blood phosphatase activity 
in osteitis deformans=‘'’-''’*^‘' and that the determination is of some 
value in prognosis. 

A significant finding not emphasized in the literature is the con- 
stancy of the serum phosphatase level in many cases of Pagets’ 
disease when determined at intervals (see case histories). In 
exceptional instances, however, wider variations were encountered 
as in f’ase J. W., whose blood showed 94.3 Bodansky units in 1934 
and (50.6 Bodansky units in 1935. As is well known, markedly 
increased blood phosphatase activity is not specific for Paget’s 
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disease but may be encountered in several conditions where there is 
an increase in processes leading to bone formation, or with liver 
damage.^'* Its determination may give valuable corroboratory 
evidence in diagnosis and also information as to activity, but it is 
of no value in differentiating from osteoplastic carcinoma metas- 
tases, particularly in carcinoma of the prostate.^^ While, sometimes 
helpful in early diagnosis, often, in our experience, the bone les- 
ions must be sufficiently far advanced as to be obvious radiologically 
before the increase in serum phosphatase activity is unequivocal. 

Five case reports, each representative of a group of patients, 
have been selected for summarization. The cases illustrate how 
widely the course of the disease may vary, depending in large part 
upon the purely mechanical effect of Paget lesions as determined 
by their location, extent, stage and rate of development. Cases 
1 (M. S.) and 2 (L. M.) represent the most common tjqies encoun- 
tered, in which deformity or pain was the chief complaint. Both 
patients presented very similar findings at the time of their first 
examination 10 years ago. M. S. has remained free of serious sjonp- 
toms whereas L. M. has become completely disabled. M. S. is 
interesting also because of the associated osteoporosis circumscripta 
of the skull. Case 3 (J. R.) illustrates the course of the disease 
when neurologic symptoms due to compression of the spinal cord, 
brain or nerve roots predominate. In Case 4 (A. 0.), the clinical 
course was determined by the occurrence of fractures and their 
complications. This was one of the few instances where the differ- 
entiation from hjqierparathyroidism offered any problem. Case 
5 (F. F.) is tj^iical of a number of patients in whom deafness is the 
most distressing sjTuptom. The case is of special interest because 
of the unusual familial incidence of Paget’s disease. 

Case Abstracts, Case 1. — M. S., an American housewife, aged 43, was 
admitted to this hospital in 1925 because of acute appendicitis. Appen- 
dectomy was performed, ndth uneventful ^ecoverJ^ An incidental finding 
was an irregular swelling and anterior boning of the left tibia suggestive 
of Paget’s disease. No other deformities were demonstrable clinicallj\ 
The boning of the left leg, first noted by her in 1918, had slowb"^ progressed. 
She had never had pain in that leg or elsewhere, nor were other sjouptoms 
or signs of osteitis deformans present. She was the onlj"^ member of the 
family affected. 

The Wassermann reaction of the blood and urine analyses were negative. 
Radiologic examination disclosed characteristic coarse trabeculations and 
expansion of the left tibia, pelvis, sacrum, distal third of the right femur, 
upper third of the right tibia, head of the right humerus, and second meta- 
carpal of the left hand. The skull showed only an area of osteoporosis cir- 
cumscripta in the right frontoparietal region (Fig. 5a). The lumbar and 
domal spine, thorax, shoulder girdle, left femur and fibulre were normal. 
Reexamination of the skeleton in 1927 disclosed no apparent change except 
the development of a few sclerotic islands in the area of osteoporosis cit- 
cumscripta. Reexamination in 1935 revealed extension of the area of 
osteoporosis circunascripta and an increase in “cotton-wool” islands within 
it (Fig. 56). The tibiie were more bowed, especially on the right side wliich 
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in SBverity and dumtion and for the past 5 years have been almost unre- 
mitting. She noticed enlargement of the skull about this time. Radio- 
graphs of the skull in 1928 disclosed Paget’s disease. In 1929_ she noted 
boTOng of the legs and complained of pain in the knees and in the calf 
muscles of both legs. In 1930 increasing kyphosis of the upper dorsal spine 
developed, vnth tenderness of the spine between the shoulder blades. 
About this time her gait became unsteady. She fell several times, on one 
occasion fracturing her right arm. The uncertainty in gait was not due to 
weakness but to loss of sense of balance. For a time she was able to walk 
by steadying herself on fixed objects, but has spent most of her time in bed 
in recent years. By 1930 her head was so large that she had difficulty 
getting hats to fit her. In 1931 she began to complain of _ dysphagia and 
regurgitation and has had to limit her diet to sof^ foods since then. She 
attributes a loss of 30 pounds in the 2 years following to difficulty in swal- 
lowing. This has improved in the last 2 years and she has recovered most 
of the weight lost. In 1931 photophobia developed, without impairment of 
vision. She has had to wear dark glasses for several years. Deafness of 
the left ear, with occasional tinnitus, has been noted since 1932. In 1932 
she complained of paresthesias of the fingers of both hands and found that 
she was unable to tell whethef she had succeeded in grasping small objects 
unless she looked at her hands. In 1933 her speech became thick. She 
has been orthopneic for 2 years. Her presenting symptom when first seen 
was headache. 

On admission she was markedly deformed and wholly incapacitated 
but -withal cheerful and mentally alert. The skuH was marfodly and asym- 
metrically enlarged ivith a prominent bulge in the left parietal region. 
The neck was short and almost immo-vable, the chin resting on the sternum. 
There was a kyphoscoliosis of the spine with an angular deformity in the 
upper dorsal region. The thoracic cage was fixed, the cla-vdcles thickened 
and protruding. Both femora, humeri, radii and the left uhm were thick- 
ened and deformed. The tibiie appeared to be normal. Examination of the 
eyes showed irregular horizontal and vertical nystagmus with weakness 
of the right inferior rectus muscle. There was no papilledema, temporal 
pallor of the disks was TOtlun normal limits. Retinal vessels were sclerotic. 
Typical angioid streaking of the retina was present. Examination of the 
chest, heart and abdomen disclosed arteriosclerotic heart disease with 
moderate passive congestion of the liver. 

Neurologic examination showed a positive Romberg test, the patient 
being unable to stand without support. Deep reflexes could not be elicited 
even with reinforcement. Suggestive Babinski and Chaddock responses 
were obtained on both sides. There was considerable uncertainty in the 
heel-to-knee test. There was a loss of Anbratory sense over both lower 
extremities and pehns, preserved over the upper extremities and spine. 
Abdomen reflexes were absent. The muscles of both legs were markedly 
atrophied. There was no apparent weakness or atrophy of the tongue, 
palate or pharjmgeal muscle ^oups. Attempts to drmk fluids, however, 
revealed difficulty in swallovdng. The findings suggested encroachment 
upon the brain and spinal cord. 

Radiologic examination showed marked involvement of the skull includ- 
mg the bones at the base. The floor of the skull was convex (“com^exo- 
basic”). The vertical diameter of the skull .and the dimensions of the cere- 
bellar fossa were markedly diramished. Tlie pelvis, spine, femora and right 
humerus were involved. The tibia; were normal. Marked arteriosclerosis 
was present. 

The Aisual fields were contracted, suggesting impingement of bone upon 
the optic foramina but stereoscopic films of the optic canals revealed these 
to be normal in size and contour. Fluoroscopic examination of the esoph- 
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agus showed no abnonnality of lumen or contraction. The dysphagia 
appeared to be due to difficulty in initiating upward and forward move- 
ments of the tongue and larynx as the barium bolus slipped backv^ard from 
the base of the tongue. It was felt that this might be due to a central 
lesion. 

The Wassermann reaction of the blood was negative. The red cells, 
leukoc 3 'tes and hemoglobin of the blood were normal. Examination of the 
urine was negative. The serum calcium was 10.6, serum inorganic phos- 
phorus 3.7, non-protein nitrogen 28 mg. %; the serum phosphatase was 
117.5 Bodanskj'- units per 100 cc. 

Case 4. — A. 0., an American woman, aged 60, was admitted to this 
hospital in October, 1933, because of inability to stand since sustaining a 
fracture of the right fenjur 2 years before. There was no familial history 
of bone disease. Her history was irrelevant until 1928 when she complained 
of “rheumatic” pains in the lower back, hips and right leg, associated vith 
stiffness and unusual fatigue. In 1929, she noted increasing deafness on 
the right side with occasional tinnitus. In 1931, she fractured her right 
femur after a slight fall, with firm union in 6 weeks. Radiologic examination 
revealed extensive skeletal changes interpreted as Paget’s disease, though 
ndth marked associated decalcification. Three months after the first 
fracture, while on crutches, she fell and sustained another fracture of the 
right femur. The fracture healed well in 2 months. Nevertheless, she was 
confined to bed or to a wheel chair for the next 2 years because the right 
leg had become too weak to support her. Tliere was some increase in tlie 
size of the head in the past year. There was practically no pain, no head- 
ache, no vertigo. No obvious deformities had developed. Vision was 
unimpaired. 

Examination showed a well-preserved, rather obese woman. The posi- 
tive findings were a moderate enlargement of the head, some impairment of 
hearing, marked atrophy of tlie muscles of the right leg and generalized 
arteriosclerosis with moderate elevation of blood pressure. There was some 
thickening of tlie distal end of the right femur but no other deformities 
were present. Neurologic examination failed to show any abnormalities. 
Radiologic examination revealed advanced Paget’s disease of the skull, 
pelvis, spine, right femur, right tibia and right humerus. The pehds, spine 
and bones of the right leg showed, in addition, a degree of osteoporosis 
unusual in uncomplicated Paget’s disease. It was felt that this was due to 
disuse. Marked arteriosclerosis was present. 

The Wassermann reaction in the blood was negative. The red cell, 
hemoglobin and leukocyte content of the blood were normal. Urine analj^sis 
was negative. On October 3, 1933, the serum calcium was 10.1 mg. %, 
serum inorganic phosphorus 2.9 mg. %, serum phosphatase 88.7 Bodansky 
units per 100 cc. Three daj’-s later, the values were 10.3, 3.1 and SS.l 
respectivelj". Calcium and phosphorus balance studies were carried out. 
She was placed on a neutral ash diet approximating 100 mg. calcium- and 
400 mg. phosphorus a daj" (determined bj’- analj^sis of aliquots) for 6 da 3 's. 
The output in stool and urine was then estimated for 2 three-day periods. 
Her a^•erage dail 3 " output of calcium on tliis regimen was 0.252 gm., of which 
32 Tf. ap]3eared in the urine. The average daily negative calcium balance 
was 0.147 gm., the ar'erage dai] 3 ^ negative phosphorus balance was 0.175 gm. 
These A'alues fall within the range observed in normal persons on similar 
diets. 

It was felt that the possibility of h 3 ’^perparath 3 wpidism, Avhich had been 
considered, was excluded. In the belief that the weakness of the right leg, 
her jaesenting problem, was due to seconda^'^ muscle atrophy and osteo- 
porosis, she was given a high calcium diet with Auosterol and the right leg 
was massaged and e.xercised regularl 3 '. In a few months she was able to 
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get about in a “walker” at first supporting her weight largely with her 
arms. By May, 1934, she could support her weight on her right leg without 
difficulty. Muscle atrophy was less marked. Roentgen rays showed slight 
increase in density of the decalcified bones. The, serum calcium was 
10.1 mg. %; .senim inorganic phosphorus, 3.5 mg. %: serum phosphatase 
91.9 Bodansky units per 100 cc. At the suggestion of Dr. C. R. Murray 
broad based tripod crutches were gradually substituted for the “walker.”’ 
In the course of the next year she could get about surprisingly well. In 
1935, the serum calcium was 10.2 mg. %, serum inorganic phosphorus 
2.5 mg. %, serum phosphatase 90.4 Bodansky units per 100 cc. 

Case 5. — F. F., an American salesman, aged 69, came to this hospital 
in June, 1934, because of deafness. His family history was extrao^dina^^ 
His mother was described as having had a very large head, together with 
boAving of the legs rvhich had developed after the age of 45. A sister had 
advanced Paget’s disease, verified by radiologic examination. A brother, 
now 80, presents a classic picture of Paget’s disease with marked bowing 
of the legs, difficulty in gait, moderate enlargement of the skull and deafness. 

The patient noted an increase in the size of his head 20 years ago. For 
many years his hats have been specially made for him. In 1925, borving 
of the right femur developed, subsequently causing shortening of the right 
leg and limp. This has not proven a serious handicap, however, as it has 
been his custom for years to walk several miles a day without the use of a 
cane and AAuthout fatigue. Since 1917 deafness has been his chief problem. 
There is a total loss of hearing on the right side and marked impairment 
on the left, which forced him to give up his work. His skull had been 
Roentgen rayed several years before; advanced Paget’s disease was found. 
He denied ever having had pain, vertigo or headache. 

Examination disclosed a remarkably well preserved man. His skull ivas 
markedly enlarged with prominent bulging of the parietal bones on both 
sides, separated by deep fissures from the domelike vertex; The skull 
measured 26? inches in its greatest circumference. The right femur 
was bowed. No other abnormalities, except the deafness, were noted. 
The tibiai appeared to be normal. Examination of the blood showed 
(mgm. per 100 cc.) serum calcium 10.7, serum inorganic phosphorus 3, 
serum non-protein nitrogen 36; serum phosphatase 72.6 Bodansky units 
per 100 cc. In March 1935 the values were 11, 3.2, 37 and 77.6 respec- 
tii^ely. 

Differential Diagnosis. —Even early localized Paget’s disease, 
without clinical manifestations, presents so distinctive a roentgeno- 
logic picture that there is usually no question as to diagnosis. Our 
most common problem was to distinguish osteoplastic skeletal 
metastases secondary to prostatic carcinoma from sclerotic Paget 
lesions. While the clinical findings and course usually revealed 
the primary tumor, in occasional cases rectal and cystoscopic 
examination were equivocal and urologic sjnnptoms, loss of weight 
and anemia were absent or mild. The radiologic manifestations in 
both diseases may be very similar but, as Sutherland' “pointed out, 
metastases cause no expansion of bone contours, coarse striations 
are never seen, the skull changes when present do not show a 
typical “cotton-wool” appearance and osteolytic lesions are usually 
discernible somewhere in the skeleton. The serum phosphatase 
activity may be as high in cases with extensive osteoplastic skeletal 
metastases as in advanced Paget’s disease, the serum calcium and 



376 


GUTMAN, KASABACH; PAGET’S DISEASE 


phosphorus remaining within normal limits.'- Osteoplastic metas- 
tases arising from sites other than prostate gland did not present any 
difficulty in diagnosis. • ' 

There was rareljr any question as to differentiation of osteitis 
deformans from generalized osteitis fibrosa cystica (hjqierparathy- 
roidism). The clinical findings and course are usually sufficiently 
diverse to distinguish the advanced forms of these diseases. In 
classic hyperparathyroidism, generalized decalcification and hone- 
cysts, together with hjqiercalcemia, hj'pophosphatemia and a 
marked negative calcium and phosphorus due to loss in the urine 
are characteristic findings.'® The blood phosphatase activity is 
consistently elevated in hjqierparathyroidism with extensive skeletal 
changes, but rarely exceeds 10 times the normal maximum. In 
remission, however, whether the result of surgical removal of para- 
thyroid tumors or occurring spontaneously in the course of the dis- 
ease, recalcification, particular^ of large cystic areas, may produce 
a roentgenographic picture somewhat similar to Paget’s disease. 
In this stage, moreover, the serum calcium and phosphonis are 
usually normal, the calcium and phosphorus balance is positive or 
within normal limits and the serum phosphatase may still be some- 
what elevated. 

The few cases of tertiary syphilis with bone involvement (com- 
monly of the tibias and clavicles) seen at this hospital in the last 
10 years did not present any serious problem in diagnosis. The 
radiologic features of proliferative luetic periostitis'’^ differ markedly 
from those of Paget’s disease. Only 7 of our cases of osteitis defor- 
mans had a positive Wassermann reaction in the blood and in 5 of 
these clinical manifestations of sj'philis were present. 

Melorheostosis'® begins in younger individuals, is unilateral and 
usually involves the long bones of a single, extremity, often including 
the hands. It is a form of osteosclerosis which produces an expan- 
sion with undulating contour of one aspect of tlie cortex. Involve- 
ment of the skull has not been described. 

Three cases of leontiasis ossium were encountered.'® The patients 
were less than 30 years of age and all stated that the deformity of 
the face had been present since childhood. The hjqierostosis was 
confined to the facial bones in 2 instances, with encroacliment upon 
the frontal bones and base of the skull in the third case. The remain- 
der of the skeleton was not involved. The serum phosphatase was 
2.8 and 3.5 Bodansky units per 100 cc. in the 2 cases investigated. 
The serum calcium and inorganic phosphorus were also normal. 

Bowing of the tibife due to rickets acquired in childhood is readily 
distinguished from Paget’s disease. Garres’ sclerosing osteomye- 
litis,®® osteopetrosis,®' hjqierostotic meningiomas,®® and cases of 
neurofibromatosis®® or of yaws®^ with bone involvement may simulate 
superficially certain aspects of Paget’s disease. 
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Management. The treatment of Paget’s disease is symptomatic. 
Relief of pain by ultraviolet light, by administration of calcium, 
parathormone, viosterol and by acidotic salts such as ammonium 
chlorid has been reported.^^ Several of our patients had recei^'ed 
one or more of these agents but in every instance without benefit 
or with transient and apparently subjective relief only. Beneficial 
effects have been reported also for arsenic,*'^ dried suprarenal 
extract by mouth^'* and parenteral administration of extracts of 
adrenal cortex,^® with which we have had no personal experience. 
The only unequivocal, although often temporary, relief of pain in 
our cases, apart from analgesics, was obtained in some patients 
by Roentgen therapy to the affected bones. In 30 cases treated 
with relatively small doses, the best results were obtained where the 
pain was localized to non-weight bearing bones. Headache and 
vertigo were helped in 4 cases by radiotherapy to the skull. In 
the evaluation of our results, as well as those reported by others, it 
should be kept in mind that spontaneous remissions of pain in 
Paget’s disease are not uncommon. 

Where unusual decalcification and muscle atrophy due to disuse 
had developed, high calcium diets with calcium and viosterol by 
mouth, together with carefully graduated exercises were insti- 
tuted (see Case A. 0.). Built-up shoes facilitated walking when 
limp resulted from shortening of one leg due to bowing. The 
selection of proper hearing appliances proved a boon when deafness 
was the presenting complaint. 

Since spontaneous remission of pain and arrest of the process are 
not uncommon, this possibility should be held out to all patients. 
The probability of very slow extension of the disease or quiescence 
would appear to be greater when the elevation of blood phosphatase 
is inconsiderable. 

Etiology. The prevailing opinion appears to be that Paget’s dis- 
ease is the result of some local disturbance in bone metabolism, the 
immediate cause of which is unknovm. The preponderance of evi- 
dence, pathologic, clinical and biochemical, indicates that Paget’s 
disease is not a generalized systemic disease, infectious or endocrine 
in nature. As in all previous reports, our cases did not show fever, 
cachexia, secondary anemia, leukocytosis or an increased erythro- 
cyte sedimentation rate, where this was investigated, except when 
ob^nously due to coexisting pathology. Definite evidence of para- 
thyroid overfunction was not observed in any case. Postmortem 
examination in 3 of our cases revealed parathyroid glands normal 
in size and histologic structure. There is no reason to consider 
sjqdiilis or trauma as etiologic factors. The increase in phosphatase 
activity of the blood in osteitis deformans is probably a result and 
not the cause of the disease (ICay). The occurrence of Paget’s dis- 
ease in several members of the same family is exceptional and it is 
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doubtful that heredity plays a significant role in most cases. Neuro- 
trophic and localized chronic inflammatory processes have been 
considered as etiologic factors. The frequent association of arterio- 
sclerosis with Paget’s disease has suggested that sclerosis of the 
nutrient arteries may be a factor in causation.-^ Pathologic demon- 
stration is lacking, however. The lesions resulting from oblitera- 
tion of nutrient arteries as observed clinically or experimentally 
do not resemble Paget bone, which is often conspicuously hj-peremic 
in the presclerotic stage (“spongy hyperostosis,” Wilks). The rarity 
of involvement of the small bones of the hands and feet, particu- 
larly exposed to occlusion of the peripheral circulation, would also 
seem to be inconsistent with this vieAv. 

Summary. 1. Observations on 104 cases of Paget’s disease seen 
at the Presbyterian Hospital from 1915 to 1935, and 12 cases seen 
elsewhere are summarized. Osteitis deformans is among the more 
common primary bone diseases in patients over 30 years of age. 

2. The diagnosis in all cases Avas based upon typical Roentgen- 
ray findings. TAventy-seven cases presented no symptoms or signs 
referable to Paget’s disease, the lesions being discoAmred incidentally 
by Roentgen ray AA'hile examining other systems. In only one-third 
of the cases were the clinical findings sufficiently definite to AA'arrant 
the diagnosis clinically. The large majority of cases Avere not ad- 
vanced so far as to present the classic picture of osteitis deformans 
Avhen first examined. 

3. There was equal distribution of the sexes. With one exception, 
all patients were over 30 years of age. Familial incidence Avas 
recorded in 4 cases. 

4. The incidence and characteristics of the initial and major 
subsequent symptoms and signs in this series of cases are outlined. 

5. Five representatiAm case histories are presented to show hoAV 
widely the course of the disease may A^ary, depending in large part 
on the location, extent, stage and rate of development of the Paget 
lesions. In 2 cases, the clinical and radiologic changes oAmr a 10- 
year observation period are contrasted. 

6. The incidence of bone invoRement, sites of predilection of 
early lesions in various bones and the nature of changes observed 
in follow-up studies, as shown by Roentgen ray, are discussed. 

7. The serum calcium, inorganic phosphorus and phosphatase 
activity were determined in over 70 cases. The serum calcium 
and inorganic phosphorus were consistently normal in uncompli- 
cated cases. With the exception of 1 early case, the serum phos- 
phatase consistently exceeded 4 Bodansky units per 100 cc., 
reaching A’^alues OAmr 100 Bodanslvj'^ units in adA’^anced cases. Our 
results faAmr the Anew that the blood phosphatase acthdty is roughly 
proportionate to the extensNeness and actiAuty of the Paget lesions. 
The phosphatase A'^alues in any one case Avere usually remarkably 
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constant over long intervals. High blood phosphatase^ values are 
found in other bone diseases, particularly osteoplastic prostate 
metastases. In most instances, the radiologic diagnosis -was obvious 
before the rise in blood phosphatase was striking. 

8. The differentiation of Paget’s disease from osteoplastic car- 
cinoma metastases, hjnperparathyroidism, bone s;jT)hiiis, leontiasis 
ossium, melorheostosis and other conditions is briefly discussed. 

9. The symptomatic treatment of osteitis deformans is considered, 
with parlacular reference to alleviation of pain by radiotherapy over 
the affected bones. 

10. Various theories as to etiology are mentioned. Clinical or 
laboratory evidence for infection, or endocrine disturbance was 
lacking in our cases. Postmortem examination in 3 of our cases 
revealed no gross or microscopic abnormalities of the parathyroid 
glands. 
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A PREVIOUSLy UNDESCRIBED GRANULE WITHIN THE 
LYMPHOCYTE. 

By Edward A. Gall, M.D., 

.ASSISTANT IN MEDICINE, IN THE DEPARTMENT OF MEDICINE, BCHOOE OF MEDICINE, 
TUFTS UNIVERSITY, BOSTON, MASS. 

(From the Medical Clinic of the Boston Dispensary (Service of Dr. Joseph H. Pratt) 
and the Department of Medicine, School of Medicine, Tufts University.) 

In a recent study of the differential characteristics of blood cells 
when stained supra vitally,'- casual note was made of certain struc- 
tures which appear in the cytoplasm of a significant and fairly con- 
stant percentage of the circulating lymphocytes. Further study 
of these bodies confirmed this original finding and suggested elabor- 
ation of their characteristics. 

For a long time subsequent to the initial examination of blood 
with the microscope, lymphocytes were regarded as non-granular 
cells and classified as such by Ehrlich.-- Schilling-® and Virchow®' 
have spoken of the Ijunphocyte .as being a homogeneous globule. 
In 1902, ]\Iichaelis and Wolff- described the presence of certain 
granules within the spongioplasm of many lymphocytes. These 
were termed by Ferrata,®® “plasmasomes,” but have - since been 
named “azure granules” as they take a bright red stain -^idth the 
azure component of the Romanowskj'- dj'es. They are not visible 
in the unstained state and are probably not stained by the supra- 
vital dyes.®^'^ Altmann in 1890, utilizing an acetic acid free fixative, 
observed the presence of certain cjri;oplasmic filaments which had 
previously been vaguely described in many different cells (Flemming, 
Maggi, etc.).® In 1899, Benda gave these structures the name 
“mitochondria” and they were further studied and established as 
normal constituents of the living cell by Schridde.'®’ -* Additional 
investigation by Cowdry® has identified these structures as a cyto- 
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plasmic feature of the lymphocyte and has exliibited their specificity 
for the dye, Janus green. Sabin^^ and many others® have demon- 
strated the presence of certain bodies comprising the “segregation 
apparatus” of the lymphocyte. These are found in the viable cell 
only, vary in number, are moderately refractile, and are stained 
specifically with neutral red.^® 

Other than the three structures described, there has not been 
recorded any regularly appearing “granule” in the lymphocyte. 
The literature is, however, replete with descriptions of intra-cyto- 
plasmic bodies; some of which appear solelj'^ in lymphocytes, whereas 
others are not specifically noted as occurring in these cells alone. 
Russell-® observed acidophilie bodies within disintegrating plasma 
cells which finally were extruded as a result of rupture of the mem- 
brane. Hammar^’^ in 1912 identified certain droplike inclusions of 
lipoid nature in the cytoplasm of the occasional lymphocyte. 

Various authorities have commented upon the presence of small 
dark bodies located usually in the nuclear indentation^--®’^ known 
as centrioles and stained with iron hematoxjdin after the usual 
fixation. Large, so-called Foa-Kurloft'^^ bodies have been demon- 
strated in the lymphocytes of older guinea-pigs, but apparently 
not in human blood. Cesaris-Demel®® mentioned the presence of 
large, sudanophilic lipoid bodies within the cytoplasm of the com- 
ponent leukocytes of purulent material. Lewis and Lewis^'^ noted 
the appearance within lymphocytes of tissue cultures of one or two 
small refractive granules, which did not change shape, size, or 
position and took the usual fat stains. These occurred predomi- 
nantly in degenerating cells. Sabin,-^ Wiseman,®® and others®® have 
described refractile unstained particles within the hazy cytoplasmic 
remnant surrounding the nucleus of the effete lymphocyte. These 
entities are either disintegration products of the dying cells or 
normal structures which have lost their staining characteristics 
and have been modified morphologicallj^ in the course of cellular 
chmige.®® Hu“ has verified this latter phenomenon in mitochon- 
dria following damage to the cells containing them. Shipley®® 
expressed the opinion that the presence of these vacuole-like struc- 
tures represented the index of degenerative change. Auer® demon- 
strated the presence of peculiar bodies within the cytoplasm of large 
mononuclear cells in a case of acute leukemia following massive 
hemorrhage. These bodies appeared black at a certain focus but 
were highly refractile. They occurred but rarely in the small lym- 
phocyte and varied in shape from globules to rods. Bohrod® de- 
scribed solid, hyalin bodies in 18% of all the white blood cells in a 
case of acute myelosis. Comparatively few were in lymphocytes 
and they were not visible with the oil immersion lens. Doehle®"* 
indicated certain bodies present in the leukocytes of fixed smears 
taken from patients with scarlet fever. They have since been 
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described in other conditions.- These structures are not visible 
in the wet preparation and evidently take nuclear stains. Despite 
the multiplicity of these cytoplasmic inclusions, each has its own 
fairly well defined characteristics which preclude error in interpre- 
tation. 

Description. The globular particles I wish to describe have 
e^ddently not been noted previously as constant features of white 
blood corpuscles. They occur almost exclusively within lympho- 
cytes.* Very rarelj'^ have structures with somewhat similar char- 
acteristics been observed in monocytes. They have not been iden- 
tified in any of the other blood elements. These bodies are small, 
smoothly contoured spherules varying in size from a point (oil 
immersion) to about 0.5 fi in diameter. The average has a diameter 
of 0.25 fi. In general however, they fall into two size groups; one 
in which the diameter ranges from a point to 0.25 fi, and the other 
from 0.25 to 0.5 n. In a series of 50 protocols the predominance of 
the smaller form was in a proportion of 2 to 1 . 

These bodies have been noted almost entirely in wet preparations. 
Only 3 times in 30 fixed smears stained with Wright’s stain has the 
presence of granules resembling them been demonstrated. Two of 
these preparations were drawn from a patient with hemochromatosis 
and one from a case of infectious mononucleosis. The blood for these 
smears was dravTi concomitantly with that for wet preparations all 
of which contained a significant number of granules. Alcohol 
fixation and staining with the Romanowsky dyes evidently ob- 
scured this element. 

The spherules are markedly retractile, appear solid black at 
one focus and have a colorless glassy sheen at another in the un- 
stained state. Ordinarily a single granule and much less often 2 or 
3 are present in one lymphocyte. In several cases of chronic myelog- 
enous and lymphatic leukemia and one undiagnosed splenomegaly 
with anemia in an infant there have been observed as many as 8 in a 
single cell, but never more. Only 1 or 2 cells among 200 to 400 
Ijnnphoeytes counted in each of these patients displayed this number. 
The characteristics of the globular particles were exactly the same 
as those in the ordinary lymphocyte. They were all approximately 
the same size (0.3 n)- When two granules were present in a single 
cell, as occurred in about 30 to 40% of the spherule containing 
lymphocytes, one was more often much smaller than the other. 

These intracellular inclusions ate actively motile. In prepara- 
tions examined promptly after withdrawal, their motility is most 
striking. They course about usually within the perinuclear zone, 
often under or over the nucleus, in a zig-zag fashion. Occasionally 

* Dr. AYilliam Dameshek writes us that he has personally e.xaminecl these prep- 
arations and that “there is unmistakably a rather opaque refractile granule in many 
of the lymphocytes.” — [Editobs.) 
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they obtrude toward the periphery of the cell but generally they 
remain quite close to the nucleus. As they approach the nuclecy 
Hof they frequently impinge upon other less motile cytoplasmic 
structures (mitochondria ajid segregation apparatus) lending to these 



Plate I. — All of these cells are unstained and arc drarvn from "wet preparations of 
human blood. (1) This is a normal cridhrocyte inserted for size contrast. (2) A 
small lymphocyte with a large rofractile body opposite the indentation of the nucleus. 
The clumps of fine smudgy granules are probably mitochondria. (3) An intermediate 
lymphocyte with many fine and a few coarse, smudgy granules in the bay of the 
nucleus. There are no retractile bodies present. (4) A motile lymphocyte with a 
single, small rofractile spherule which dragged along behind the nucleus. (5) A large 
lymphocjde containing three rofractile bodies. Two of them are large and one is 
point-sized. (6) A rapidly motile lymphocyte with two rofractile bodies, one of 
which remained close to the nucleus whereas the other bobbed about in the dragging 
tail of the cell. (7) A small lymphocyte in a preparation standing for 4 hours. The 
two rofractile bodies, of unequal size, have come to lie together, close to the flattened 
portion of the nucleus. (S) A lymphocyte obser\’ed in the blood of an infant with 
anemia and splenomegaly. There are six rofractile bodies present. 

added impetus and receiving in return retardation and deflection 
of their momentum and course As lias been noted, the motility 
of the other visiiile cytoplasmic elements was neither as rapid nor 
extensive as that of the refractile bodies. 
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The wandering spherule often ceased movement momentarily, 
vibrated in a rotatory fashion about a single point, and then resumed 
its course again. Frequently this pause was prolonged and even 
vibration ceased for as long as 30 minutes. Occasionally vibration 
returned intermittently without any other moi^ement of the granule. 
Eventually the progressive motility usually returned. The impres- 
sion garnered from continued observation was that the general 
course tended to be toward and away from the region of the centro- 
sphere in the indentation of the nucleus. Ultimately, as the prepara- 
tion aged or some toxic dye (Janus green, etc.)^’'^ was added to it, 
the refractile body came to lie at this central point in the nuclear 
bay and remained here constantly without visible motility or change 
until the cell disintegrated in 72 to 96 hours. At this time the 
granule, often indistinguishable from the products of cellular degrada- 
tion, came to lie in the surrounding medium. 

^^en two refractile granules were present in the same cell, the 
smaller one was usually found on the same side of the nucleus as its 
indentation and did not often migrate fpr any great distance from 
this point. Its movement was of the same tjqie as that of the larger 
body in that it, too, had a zig-zag course as well as a vibratory 
character, the latter being the more frequently eiddent. The smaller 
granule also seemed to be controlled bj' some force exerted bj'’ the 
centrosphere for it appeared to jog about much like a rubber ball 
on an elastic band. Occasionally, the two bodies remained vibrating 
in a jerky fashion at opposite sides of the nucleus and then slid 
rapidly toward each other to meet in the nuclear bay without any 
eiddent jolt. Ultimately, as the preparation became older (1^^ to 
4 hours), the two came to lie proximate to each other in the vicinity 
of the centrosphere where they remained motionless. In this state 
they closely resembled the centrioles as illustrated by Cowdry^ 
and Maximow^®'^^ save for their unequal size. 

The lymphocytes containing these bodies were themselves often 
actively motile when unstained or stained with neutral red alone. 
When the temperature of the ivarm box was raised to 39 or 40° C. 
the cells assumed their characteristic motility^®-'®’®® and the granule 
was observed bobbing along passively in the streaming tail of cyto- 
plasm. The spherule retained, however, its own relative motility 
for when the cell became static the refractive particle again resumed 
its own wanderings. Rarely the body was observed in the thin 
film of cytoplasm ahead of or underlying the moving nucleus but 
it rapidly slipped to the rear of the cell. 

The refractile globules were not present in all lymphocytes. In 
a series of 120 wet preparations, both unstained and supravitally 
stained, viewed in a warm box at body temperature, they were 
present in an average of 34% of all lymphocytes. Fifty to 150 
lymphocytes were counted in each specimen. The range extended 
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from 6 to 55%. In the great majority of these preparations the 
retractile granule bearing lymphocytes averaged 20 to 45% of the 
total lymphocytes counted. In a series of counts done upon 30 
normal individuals an average of 39% of the lymphocytes contained 
one or two bodies. In 16 patients with some pathologic process 
which might conceivably influence the lymphopoietic system (tuber- 
culosis, lymphatic leukemia, Hodgldn’s disease), 34% of the 
lymphocytes contained the granule. In a mixed series of patients 
suffering from all types of disease (rheumatic fever, pneumonia, 
diabetes mellitus, heart failure, trichinosis, etc.) the percentage of 
lymphocytes bearing the body closely approximated the mean of 
all the cases examined (36%). Only in infectious mononucleosis 
(1 case) was the percentage observed to remain persistently low 
(6 to 13%). In 10 individuals upon whom counts were done on 4 
successive days the proportion of granule bearing cells was noted 
to remain remarkably constant in each person from day to day. 
The deviation was no more than 2 to 5%. 

The globules were present more often in the small lymphocytes 
than in the large and intermediate forms.®'® They were more com- 
mon in the mature and older lymphocytes whereas the young and 
immature forms contained them infrequently. The criteria of Hu 
and Wiseman^®'®®'®® were utilized in the estimation of the age of the 
cells. Plasma cells contained the bodies in less than 3% of those 
identified. In the effete lymphocytes it is often impossible to dis- 
tinguish the bodies from the products of disintegration present. 

IVlien observed with the polarizing microscope the granules were 
not doubly refractile. In preparations treated with 0.5% acetic 
acid they became darker, retained their form and contour, but lost 
much of their refractibility. They were entirely obscured by methyl 
and ethyl alcohol, and could not be recognized when the smear had 
been fixed by drying. In the wet preparation they were unchanged 
in appearance when subjected to temperatures ranging from 15° to 
45° C. Motility was retarded with lowering of the temperature. 
Neutral red“ imparted to them a dark mahogany hue but they did 
not appear to be stained by methylene blue, eosin, azure, Sudan III, 
osmic acid, Janus green, Bismarck brown, or iodin. Owing to the 
refractibility of the particles it was almost impossible to determine 
conclusively whether or not they were stained in any slight degree 
by these substances. 

Comment. The significance of these refractile globules is not 
recognized. It is possible that they are products of cellular disin- 
tegration. Their predominance in the older lymphocyte suggests 
this to a certain extent. Their presence in the actively motile 
Ijmphocyte is somewhat unfavorable to this point of view, par- 
ticularly since the continued actmty and failure of the nucleus 
to become stained with neutral red is significant of the cell’s viabil- 



386 gall: ukdescribed granule within the lyjiphocyte 


Furthermore, the globules are present in no greater propor- 
tion of the cells in the long standing (2 to 4 hours) tlian in the fresh 
preparations; nor is there any perceptible decrease in their numbers 
after 24 hours. On the other hand, with prolonged contact with a 
somewhat concentrated solution of neutral red, the lymphocyte 
will be damaged, motilitj'^ will cease, and the nucleus will begin to 
take the stain.^-’' At this time the movement of the refractile body 
will rapidly subside even though Brownian movement is initiated 
in other cytoplasmic particles. Likewise, the application of Janus 
green, which is rather toxic to intracellular activity,^® produces 
rapid cessation of the granular motility and stasis within the Hof of 
the nucleus even before the mitochondria are fully stained. In 
view of these facts, therefore, it is readily conceivable that the glob- 
ule is a natural component of the extra-nuclear substance of the 
lymphocyte and as such responds in a parallel fashion to external 
stimuli. 

The failure of the particle to be stained by either osmic acid or 
Sudan III and its inability to exliibit doubly refractile qualities 
are points unfavorable to the belief that it is lipoid in nature. 

As has been stated, the appearance of the granules after they have 
become static in the center of the nuclear indentation is very similar 
to that described by many as the centriolar apparatus. The 
presence of one, three, or more of these in a mature, non-dividing, 
mononuclear cell rather disproves this possibility. In cells observed 
dividing amitotically in the wet blood spread, the globule remained 
passively wherever it happened to lie and exhibited little disturb- 
ance as the result of separation. One daughter cell contained the 
body, the other did not. That the granule is strongly influenced 
by centrosomal activity, however, cannot be disputed, since its 
movement apparently centers about this structure and it ultimately 
conies to lie in its immediate vicinity. 

Failure to distinguish the refractile spherules from the other 
previously noted structures within the normal lymphocyte is remote. 
Lawrence and Todd^® have described the appearance of the neutral 
red staining bodies as “refractile blackish red.” These, however, 
usually number 2 to 25 per cell and their red glint when stained 
makes them sufficientlj^ distinctive to one familiar with the supra- 
vital technique. Sabin has noted, further, that their index 
of refraction is similar to that of the cytoplasm and they are observed 
therefore with difficulty in the unstained state,^® Prigosen has 
described the presence of neutral red staining bodies which he 
claimed might not take the dye immediately.^® His illustrations 
lend no weight to the possibility that they are similar to the globule 
I have demonstrated. He enumerated four cytoplasmic granules 
of the lymphocjde, only one of which was not stained by neutral 
red or Janus green and this was a lipoid droplet. Mitochondria, 
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by reason of their smudgy, non-refractile character, their number, 
size, rod shape, and specificity for Janus green may not readily 
be mistaken for the refractile body.®’®’® WiseiHan has noted the 
presence, occasionally, of non-staining refractile granules which 
have been found, however, only in those cells which do not contain 
mitochondria.®®’®®’®® Furthermore, he has demonstrated as many 
as 30 in a single large lymphocyte. Finally, the azure granule of 
Wolff and Michaelis^’®® is not visible in the unstained state and is 
probably not stained by the supravital dyes. 

Iri only 3 cases of 130 examined was there any marked deviation 
from the average percentage of granule bearing lymphocytes ob- 
served. As has been previouslj'^ noted in 8 counts done upon a 
patient with infectious mononucleosis wherein 57 to 130 lympho- 
cytes were counted in each preparation only 6 to 13% of them con- 
tained the refractile body. The absolute number of lymphocytes 
containing these bodies was also reduced although not to as great 
a degree. In 5 counts done upon 2 patients with myelogenous 
leukemia in each of which 200 to 400 leukocytes were counted, only 
2 to 9 lymphocytes were observed. Of these, 0 to 50% contained 
refractile bodies. In these cases, however, the absolute number of 
such lymphocytes was not always reduced since the total leukocyte 
count varied from 200,000 to 500,000 per c.mm. 

In a series of 12 individuals upon whom serial counts were done 
for 72 hours following intracutaneous injection of tuberculin no 
significant change in the percentage of granule bearing lymphocytes 
was noted regardless of the extent of the local or systemic reaction. 

Summary and Conclusion. Description is given of the presence 
of a motile, refractile globule which is normally present in a fairly 
constant percentage of the lymphocytes of peripheral blood observed 
in wet preparations. The bodies vary in size from a point to about 
0.5 M in diameter and appear in approximately 34% of the circulat- 
ing Ijrmphocj^es. They occur for the most part in normal lympho- 
cytes but have been noted in pathologic cells as well. The numbers 
of granule bearing lymphocytes remain quite constant in the same 
individual from da}’’ to day. They do not appear spontaneously 
or disappear in the standing blood spread. One or two are observed 
in a cell, rarely more. The spherule is neither mitochondrial nor 
one of the neutral red staining bodies previously described as exist- 
ing in lymphocytes. It is probably neither of a lipoid nature nor a 
portion of the centrosphere. It appears to be a hitherto undescribed 
constituent of the cj'toplasm of the Dmphocyte. 

references. 

1. Auer, J.: Am. J. Med. Sci., 158, 1002, 1900. 

2. Bachman, R. W., and LucLe, B. H.; New York Med. J., 107, 492, 1918. 

3. Bohrod, M. G.: Fol. ha:matol., 44, 179, 1931. 

4. Capiwll, D. F.; J. Path, and Bact., 32, 595, i929. 

5. Cowdry, E. V.: Int. Monatschr. I. Anat. u. Physiol., 31, 267, 1914. 



388 


munch; BARTONELLA CANIS INFECTION 


6. Cowdry, E. V.; Carnegie Inst, of Washington, Contrib. to Embryology. 
No. 25, 8, 41, 1918. 

7. Cowdry, E. V.: Text-book of Histology, Ist ed., (Philadelphia, Lea & Febiger, 
1934. 

8. Cunningham, R. S., Sabin, F. R., and Doan, C. A. ; Carnegie Inst, of Washing- 
ton, Contrib. to Embryology, No. 84, 16, 227, 1925. 

9. Cunningham, R. S., and Tompkins, E. H.: Fob ha;matol., 42, 257, 1930. 

10. Doan, C. A.; Mediicine, 10, 323, 1931. 

11. Forkner, C. E.: J. Exp. Med., 52, 279, 1930. 

12. GaU, E. A.; J. Lab. and Clin. Med., 20, 276, 1035. 

13. HaU, B. E.; Fol. haematol., 43, 206, 1930-31. 

14. Hinteregger, F.: Ibid., 46, 256, 1931-32. 

15. Hu, C. H.: Am. J. Path., 10, 29, 1934. 

16. Lawrence, J. S., and Todd, H.; Fol. haimatol., 44, 318, 1931. 

17. Lewis, M. R., and Lewis, W. H.; Am. J. Anat., 17, 339, 1914-15. 

18. Lewis, W. H.; Bull. Johns Hopkins Hosp., 30, 81, 1919. 

19. Lewis, W. H.: Ibid., 49, 29, 1931. 

20. Maximow, A. A. (Bloom, W.) : The Lymphocytes and Plasma Cells, Cowdry's 
Special Cytology, New York, Paul B. Hoebcr, Inc., 1932. 

21. Maximow, A. A.: Text-book of Histology, 2d ed., Pliiladelphia, Mb B. 
Saunders Company, 1934. 

22. Michaelis, L., and M^olff, A.; Virchow’s Arch. f. Path. u. Anat., 167, 151, 1902. 

23. McCutoheon, M.: Am. J. Physiol., 69, 279, 1924. 

24. Naegeli, 0.; Blutkrankheitcn und Blutdiagnostik, 5th ed., Berlin, Julius 
Springer, 1931. 

25. Prigosen, R. E.; Bull. Johns Hopkins Hosp., 32, 206, 1921. 

26. Sabin, F. R,; Physiol. Rev., 2, 38, 1922. 

27. Sabin, F. R.; Bull. Johns Hopkins Hosp., 34, 277, 1923. 

28. Schilling, V. (Gradwohl, R. B. H.): The Blood Picture, 7th and 8th ed., 
St. Louis, The C. V. Mosby Company, 1929. 

29. Simpson, M. E.; J. Med. Res., 43, 77, 1922. 

30. Tompkins, E. H.: J. Lab. and Clin. Med., 17, 921, 1031-32. 

31. Virchow, R. (Chance, F.): Cellular Pathology, 7th Am. cd.. New York, 
R. M. DeWitt, (1860(?). 

32. Wiseman, B. K.: J. Exp. Med., 54, 271, 1931. 

33. M'^iseman, B. K.: Fol. ha:matol., 46, 346, 1931-32. 

34. Doehle: Miinch. med, IVchnschr., 59, 1688, 1912. 


BARTONELLA CANIS INFECTION IN RELATION TO SECONDARY 
• ANEMIA AND THE ASSOCIATED UNDERLYING 
LESIONS. 

By Otto L. Munch, M.D.,* 

PHILADELPHIA. 

(From the Department of Pathology, Graduate School of Medicine of the University 
, of Pennsylvania.) 

In 1928, Kikuty described an organism associated ivith a peculiar 
progressive cyclical anemia in splenectomized dogs. Close similar- 
ity to the Bartonella group, as regards biologic and morphologic 
characteristics together ivith the almost identical associated blood 
dyscrasia, induced him to designate this organism as Bartonella 

* Thesis submitted to the Faculty of the Graduate School of Medicine of the 
University, of Pennsylvania in partial fulfilment of the requirements for the degree 
of Doctor of Medical Science (D.Sc.(Med.)) for graduate work in Pathology. 
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canis. “These organisms,” he says in his original report, “remind 
one partly of the Bartonella bacilliformis (human) and partly of the 
Bartonella muris.” He believed them to be causative of the accom- 
panying anemia, acting in the capacity of a parasite in the dog’s 
red corpuscles, in or on which they were found. With Giemsa’s 
stain these parasites showed up well resembling either cocci or ^ 
bacilli. Their morphology was not, however, constant, being " 
changeable into manifold shapes and occupying varying positions 
in relation to each other. 

Spleneetomized dogs sicken regularly if infected with Bartonella, 
the infection assuming either an acute or a chronic course. Death 
has occasionally been observed at the height of the acute infection, 
but recovery is the usual outcome in the chronic type. Normal 
non-splenectomized dogs, if injected with Bartonella, develop an 
abortive illness, passing-off into a latent infection, which may occa- 
sionally be activated by splenectomy. Kikuth failed in numerous 
attempts to grow the organism on various types of culture media. 
He mentions therapeutic doses of neosalvarsan as having excellent 
curative action. 

In 1909, Barton^ had suggested that the bacilliform bodies, found 
in the blood of human beings suffering from Peruvian Oroya fever, 
were causative of that disease. Strong® and his associates, in their 
report of the first expedition to South America, speak of them as 
protozoa and suggested the term “Bartonella.” Noguchi,^ in 
studying a fatal case of Oroya fever, had the fortune to isolate the 
parasite in pure culture and with the same culture produce charac- 
teristic disease symptoms in animals. In further experiments 
Noguchi^ found similar Bartonella-like bodies in the blood of a 
spleneetomized rat. Lauda® gives us a detailed account of the 
anemia in spleneetomized rats, in which bodies occurred in the 
erythrocytes strikingly similar to those seen by Noguchi. 

Regendanz and Reichenow,® following up the work of Kikuth, 
give us a rather careful and detailed descriptive picture of this 
polymorphous parasite. They regard the differentiation into rod- 
like and cocci forms as not particularly well chosen because the 
rods are for the most part found to consist of beaded little bodies 
(cocci); naturally, therefore, not individual entities but rather 
chains of parasites. In their opinion the basic form of Bartonella 
canis is the coccus form and all complicated formations occurring 
in the red corpuscles are simply colony growths. 

Within the past year various papers have appeared in which the 
nature and course of the anemia associated with Bartonella bodies 
have been recorded by American workers, notably Knutti and 
Hawkins,' Rhoads and Miller.® Knutti and Hawkins,'^ working 
with spleneetomized bile fistula dogs, noted periods of bile pigment 
overproduction and anemia occurring spontaneously in conjunction 
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with the presence of Bartonella bodies in the blood. Prior to 
these observations Queen, Plawkins and Whipple,® also working 
with splenectomized bile fistula dogs, were well acquainted with 
the cyclical bile pigment overproduction, anemia and intoxication 
arising in these dogs. They even went as far as to determine the 
daily quantitative overproduction of bile pigment during these 
cyclical periods, which in some instances reached 8 to 10 times con- 
trol values. Thus in one cj'^cle of pigment overproduction an average 
24-hour output of 581 mg. of bile pigment Avas recorded. On one 
day during this cycle an output of 878 mg. of bile pigment was 
observed, or more than ten times the control level (78 mg. per day). 
They had been at a loss to satisfactorily explain these phenomena 
and failed to recognize Bartonella bodies in the blood at that time, 
presumably no search having been made. Thus in the absence of a 
demonstrable infection, it had been assumed that the periods of 
bile pigment surplus and anemia were of physiologic origin, related 
to a lack of spleen and bile constituents. With the finding of the 
Bartonella canis in these blood dyscrasias, the situation seemed to 
clarify and the evidence pointed to that organism as the probable 
etiologic factor. 

Various investigators have observed periods of anemia in splenec- 
tomized dogs. Krumbhaar'® looks upon the temporary anemia as a 
physiologic response to the loss of the spleen. He believes that the 
jnormal spleen in addition to its hemolytic function has also a stimu- 
lating effect on the red blood-cell formation, citing as supporting 
evidence the fact that anemia follows its removal. He regards 
this anemia as due to a loss with the spleen of a property which aids 
erythrocytes formation, such as conservation of the iron of broken- 
down red corpuscles. This function is in time taken over, at least 
in large part, by other members of the reticuloendothelial system, 
accounting for the temporary character of the postsplenectomy 
anemia. ‘Furthermore, normal spleen extract has a stimulating, not 
an inhibitory, action on erythropoiesis in the bone marrow. 

The question now arises, in the light of our more recent knowledge, 
whether this temporary postsplenectomy anemia observed in the 
past could possibly have been the result of an unrecognized latent 
Bartonella infection, activated by splenectomy. Against this 
likelihood stands an array of convincing evidence. The majority 
of investigators are in agreement, that spontaneous latent infection 
with Bartonella canis does not become activated in normal dogs 
with splenectomy alone. A few workers, however, cite such to be 
the case in an occasional simple splenectomized dog. I have, in the 
course of my experiments, observed 2 dogs for 60 days following 
simple splenectomy, during -which time there was no evidence of 
Bartonella infection or Bartonella bodies in the blood, yet an anemia 
developed similar 'in character and degree to that described by 
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Krumbhaari® ^nd others” as postsplenectomy anemia. A transient, 
non-infectious, postsplenectomy anemia, therefore, seems to be 
the most likely explanation. 

Table 1.— Changes in the Erythrocyte Count and Hemoglobin Content 
Occurring in Dogs Without Bartonella Infection After Simple 
Splenectomy, Observed for a Period of 60 Days. 

Dog. 269. ■ Doe- 312. 


After 

Bplcnectomy, 
time in days. 

R. B. C. 

Hemo- 

globin. 

AHer 

splenectomy, 
time in days. 

R. B. C. 

Hemo- 

globin. 

♦ 

. 5.81 

94 


. 6.10 

80 

3 . . 

. 5.20 

84 

3 . . 

. 5.80 

70 

5 . . 

. 4.90 

80 

5 . . 

. 5.75 

75 

8 . . 

. 5.40 

80 

8 . . 

. 5.50 

68 

12 . . 

. 5.20 

78 

12 . . 

. 5.50 . 

60 

18 . . 

. 5.20 

84 

18 . . 

. 5.00 

58 

24 . . 

. 5.00 

75 

24 . . 

. 5.00 

55 

30 . . 

. 4.80 

67 

30 . . 

. 4.90 

55 

31 . . 

. 4.80 

63 

36 . . 

. 3.30 

46 

42 . . 

. 5.00 

67 

42 . . 

. 3.90 

46 

48 . . 

. 4.85 

61 

48 . . 

. 4.00 

48 

54 . . 

. 4.90 

77 

54 . . 

. 4.40 

52 

60 . . 

. 5.00 

84 

60 . . 

. 4.60 

55 


* Preliminary count and estimation. 


In both of these dogs a secondary anemia gradually developed 
following the operation. The anemia in both cases was most severe 
during the fifth week. Then wdtli a gradual improvement, the blood 
picture tended to approach the pre-operative level. As may be 
readily seen from the table, the latter had not been attained in 
either dog at the end of the 60-day period of observation. Krum- 
bhaar“ regards the average length of time for complete restora- 
tion of the blood picture to normal as 3 to 4 months. The hemo- 
globin decrease occurs somewhat sooner and is also more outstanding 
than the red cell drop, and as improvement occurs the increase in 
hemoglobin tends to lag notably behind the erythrocyte increase. 

Either splenectomized bile fistula dogs (Knutti and Ha-whins'^), 
or simple splenectomized dogs, fed on deficiency diets producing 
black tongue (Rhoads and Miller®), appear to show regular spon- 
taneous involvement with Bartonella canis and anemia. The authors 
are insistent that in both experiments simple splenectomy will 
not bring about Bartonella infection. Krumbhaar,i“ in his extensive 
studies of changes produced in the blood by splenectomy, failed to 
note a marked degree of anemia or the presence of Bartonella 
bodies, even though the spreads have recently been reexamined 
with this point in view. Being acquainted with the infectious 
anemia (Bartonella) lit up by splenectomy in rats and reported 
by Lauda,'- he was especially on the lookout for these parasites. 
It may be said that simple postsplenectomy anemia does not attain 
the severity of that observed complicated by Bartonella infection. 
Furthermore, the isolated simple splenectomy cases reported in 
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earlier medical literature as developing typical Bartonella canis- 
like anemia, may in all probability be related to some such diet 
deficiency complication referred to above. 

Method, The work was begun by transmitting the Bartonella infection 
to a sinaple splenectomized dog by the injection of 5 cc. of Bartonella blood 
obtained through the kindness of Dr. G. H. Whipple, to whom I am also 
indebted for valuable suggestions in pursuing the problem. The 5_dogs 
on which this study was based were infected from this dog as the original 
source. One dog (No. 269) was used as a special control, in addition to the 
earlier simple splenectomies done in this department. Blood smears were 
taken at almost daily intervals and examined for the organism, using the 
Giemsa method of staining. Frequent red cell counts and hemoglobin 
determinations were made at weekly or lesser periods. The more frequent 
blood examinations were made at those periodic intervals in the course of 
the infection when the blood smears became positive for the Bartonella 
bodies. By tlus method, sudden transitions in the blood could be more 
easily detected and the relationship of the appearance of the organism to 
the developing anemia better evaluated. 

Infection Cycle of Dogs U^iih Bartonella Infection. In general, 
the course of the infection developing in our dogs, excluding minor 
variations, corresponded rather closely to that reported b,y other 
earlier investigators, notably Regendanz and Reichenow.® The 
incubation period after injection varied from 7 to as much as 15 
days, a somewhat longer period than that usually reported (3 to 5 
days). This period was followed by the appearance in the blood 
stream of the Bartonella organism at first few in number, then 
increasing rapidly for several days only to decrease and disappear 
suddenly. An interval of freedom from the organism, variable in the 
different dogs from several daj'^s to a week or more, but present in 
all, occurred before recurrence with rapid proliferation was again 
observed in the blood smears. As regards the general duration of 
the subsequent intervals and the renewed attacks which followed 
periodically’^, one upon another, it may be said that it varied through- 
out the course of the infection. The shortest intervals and the 
longest attacks took [place at the time that the infection course 
seemed to be at its peak, as judged by the number of organisms 
present and the marked blood destruction with its attendant severe 
anemia. By”- attack, one refers to that time interval during which 
the organisms were numerously present in the red corpuscles and 
detectable by the microscope. 

Thus Dog 24 (Fig. 2) showed a rather regular course at first, 
for a long time running attacks of 8 to 10 days’ duration with inter- 
vals averaging 10 days. After the fourth attack, which was pre- 
ceded by a shorter interval of 4 days, an irregular course developed 
until the attacks ceased altogether. A different course was observed 
in Dog 25 (Fig. 3), in which at the beginning long lasting intervals 
occurred, which were separated only b,y short attacks, and later 
two long attacks of 10 days’ duration were followed by an attack 




Fig. 1. — Blood smear obtained from Dog 24 at the peak of anemia. Various 
forms of Bartonella bodies are clearly demonstrated, viz., single spherical forms, 
long beaded rodlike forms, simple rod forms and complicated formations. Giemsa 
stain. X 1600. 



Fig. 7. — Photomicrograph of liver from Dog 25. v Numerous Kupffer cells are 
present. These appear for the most part swollemand^block the lumen of the intra- 
lobular capillaries. X 1050. 
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Fig. 2. — Dog 24. Bartonella incidence and anemia in injected splenectomized 
dogs. **** Preponderance of blood cells containing Bartonella. *** Several red 
cells with Bartonella per field (oil immersion). ** Average one organism per field 
(oil immersion) . * Occasional organism in smear. 

Inoculation 



p 

o 

3 

Fig. 3. — Dog 25. Bartonella incidence and anemia in injected splenectomized 
dogs. ****Preponderance of blood cella containing Bartonella. *** Several red 
cells with Bartonella per field (oil immersion). ** Average one organism per field 
(oil immersion) . * Occasional organism in smear. 
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of 2 days, terminating the course of the infection. In Dog 268 
(Fig. 4) the following course occurred: After two short-lived 
attacks lasting 5 days and separated by an interval of 7 days, there 
followed a 14-day interval. The new attack lasted 18 days, where- 
upon an 11-day interval occurred. Then followed one attack of 3 
days after which the smears remained negative. In this dog the 
blood picture failed to return to a normal level 2 months after the 
last organisms appeared. In all other dogs after the infection sub- 
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Fig. 4. — Dog 268. Bartonella incidence and anemia in injected splenectomized 
dogs. ****Preponderance of blood cells containing Bartonella. *** Several red 
cdlls -ft-ith Bartonella per field (oil immersion). ** Average one organism per field 
(oil immersion). * Occasional organism in smear. 

sided, the blood reached or tended toward normal levels. One is 
inclined to believe that an abdominal wall sinus in Dog 268 draining 
at intervals throughout the latter part of the Bartonella and post- 
Bartonella infection period accounted for the severe persistent 
anemic blood picture. Interesting was the course of Dog 312 
(Fig. .5) in that only two attacks occurred. The organisms appeared 
first in the smears, 7 days after injection with Bartonella positive 
blood and again after an interval of 9 days. Both attacks lasted 
5 days and in neither instance were the organisms very numerous. 
The infection course of Dog 1052 (Fig. 6) was cut short by sacrificing 
the animal in the early stage of the infection, 10 days after the first 
appearance of the Bartonella and while the blood smears were 
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Fig. S. — Dog 312. Bartonella incidence and anemia in injected splenectomized 
dogs. ****Preponderance of blood cells containing Bartonella. *** Several red 
cells with Bartonella per field (oil immersion). ** Average one organism per field 
(oil immersion). * Occasional organism in smear. 
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Fig. 6. Dog 1052. Bartonella incidence and anemia in injected splenectomized 

dogs. 
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showing organisms in great numbers. This procedure was adopted 
in order to determine and study the histologic changes occurring 
in the early stage of the Bartonella infection. Blood regeneration, 
as judged by the numerous immature forms (macroblasts, normo- 
blasts) and the high reticulocyte count in the smears, was fairly active. 

Effects of Bartonella Canis on the Organism. The outstanding 
feature of the Bartonella infection, observed in the dogs as a group, 
was the severe type of anemia encountered and associated with an 
extreme degree of general emaciation and physical weakness. It 
has been said,® that Bartonella canis anemia is of lesser intensity 
than the infection in man with Bartonella bacilliformis (Oroya 
fever) and the infection in the splenectomized rat with Bartonella 
muris. One is rather reluctant, however, to fully subscribe to this 
statement, for 2 of our dogs (Nos. 24 and 268) developed at the 
height of their infection an anemia of extreme severity in which the 
red corpuscles dropped to 910,000 and 750,000 per c.mm. respec- 
tively. The hemoglobin determination in both dogs read less than 
3 gm. per 100 cc. At the time the above blood findings were recorded, 
these dogs showed extreme body emaciation and such physical 
weakness that the exertion of a slow walk over a short distance 
gave way to a faltering gait and the development of severe dyspnea. 
In Dog 268 life was despaired of. Evidence of blood regeneration, 
however, went hand in hand with blood destruction and one was 
immediately struck by the large number of immature polychromatic 
and nucleated red cells occurring simultaneously with the degener- 
ated forms. The reticulocyte count was noted as high as 30%, and 
undoubtedly reached higher levels in some cases. This condition 
existed not only at the height of the infection and after develop- 
ment of a profound anemia, but shortly after the first appearance 
of the organism in the blood smears, immature erythrocytes sprang 
into evidence. During the peak of the infection organisms appeared 
almost continuously in the blood stream, without interruption by 
a Bartonella free interval. Finallj’’, after the infection began to 
wane, the blood (except in Dog 268) rapidly approached normal 
levels. The color index was in general below 1 . Our animals recovered 
immediatelj’^ as soon as the course of the infection changed for the 
better, namely when instead of long lasting attacks, intervals of 
longer duration appeared. No fatality occurred in our dogs. Also 
in subsequent attacks of long duration, there developed in these 
dogs decrease of hemoglobin and red cell count, which rose again 
during the interval when the Bartonella were not able to be found 
microscopically. 

Autopsy Reports. All dogs used in these experiments had autopsies 
performed. Because of the loss of the spleen, which in mammals contains 
the bulk of the reticuloendothelial sj’-stem, and influenced by the concept 
of reticuloendothelial organ interdependence, the histology of the lymph 
nodes, bone marrow, liver, lungs and kidneys were chiefly studied. The 
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dogs were killed with an overdose of chloroform and immediately sectioned. 
It might be mentioned’ that in all cases search was made for accessory 
spleens, but none were found. One dog (No. 1052) was autopsied at an 
early period of infection; another (No. 25) late in the infection period, while 
the remaining dogs (Nos. 24, 268, 312) Avere sectioned at various intervals 
after the last appearance of organisms in the blood smears. One splenec- 
tomized dog (No. 269) Avas used as a control and autopsied 160 days after 
splenectomy. A routine Zenker formol fixation, paraffin embedding and 
hemotoxylin and eosin stains was used. In the case of the l 3 Tnph nodes 
and bone marrow special staining with eosin azure II was employed. 
Detailed protocols have been omitted. 

Dog 1052. Autopsy in the early stage of the infection; 21 days after the 
first appearance of the organism and while the blood smears were showing 
the Bartonella bodies in great numbers. The dog was beginning to show 
emaciation and physical Aveakness Avith marked wasting of the subcutaneous 
fat. A light bile discoloration marked the Avasted fat. The blood was thin 
and watery. The lungs were collapsed, the anterior surfaces being pale and 
the posterior areas more of a dark red color. No areas of consolidation were 
encountered. On section a mild degree of edema Avas noted. Bronchial 
lymph nodes Avere only slightly enlarged. The heart Avas dilated and the 
myocardium pale. ' 

The former bed of the spleen was represented by a mass of fibrous adhe- 
sions. The liver was of normal size, soft, and light brownish yellow. The 
lobular markings were not clearly distinguishable. Scattered widely 
through the liver were seen focal areas of necrosis. Both kidneys were of 
normal size. On section the cut surfaces appeared pale and mild degenera- ' 
tive changes were seen in the cortex and medulla. The individual structures 
outlined dimly and the cut surfaces appeared swollen. Adrenals were soft 
but otherwise of normal appearance. Mesentery and retroperitoneal lymph 
nodes were slightly enlarged, soft and swollen. Bone marrow of ribs, 
sternum and proximal ends of the femur and humerus Avas red and gela- 
tinous. For histologic study see next section. • 

- Dog 26. Autopsy late in the infectious period several days after the last 
appearance of organisms in the smears and 144 days after injection Avith 
positive Bartonella blood. The dog was in a moderately well-nourished 
condition, having shoAvn a marked improvement in physical strength from 
that seen earlier in the course of the infection. 

Both lungs and pleural cavities and the heart appeared to be normal. 
Paratracheal and bronchial lymph nodes were slightly enlarged and darky 
pigmented. The liver Avas dark broAvn, firm, with the external surfaces 
smooth, and the cut surfaces showing the lobules distinctly. The kidneys 
were pale, somewhat swollen and only faint focal suggestive areas of necrosis 
could be distinguished. Mesentery nodes in the upper abdomen Avere greatly 
enlarged. In the region of the celiac plexus these nodes formed a fused 
chained mass about 8 cm. in length. Isolated large nodes were also found. 
On section the nodes Avere soft, moist and of a pale fleshy color. Adrenal 
appeared normal. Bone marroAV selected from the proximal ends of the 
humerus and femur A\'as typically red and of a firm gelatinous character. 

_ Dog 268. Autopsy on the 119th day after inoculation. This dog Avas 
m a weakened condition and failed to show improA^ement from a severe 
^ade of anemia, in spite of the fact that organisms AA-ere not found in the 
blood on careful search during the 48 days prior to death. This persistent 
anemia AA'as most probably associated Avith an abdominal Avail sinus, drain- 
ing intermittently during the last 10 A\’eeks preceding the autopsy, due to 
persistent silk ligatures in the bed of the spleen. Organization of the granu- 
lation tissue was well advanced, and only small localized abscesses imme- 

VOI,. 191. so. 3.— iUBCH, 1936 14 
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diately surrounding the silk ligatures were seen. Although the blood picture 
failed to improve, a marked gain in weight had ‘been recorded since the 
terminal Bartonella attack. 

Both pleural cavities and lungs were apparently normal. Bronchial and 
tracheal lymph nodes were slightly enlarged, firm and spotted with bluish- 
black pigment. The myocardium was pale. The liver was spotted vdth 
small grayish spots varying in size from that of a pin-head to that -of a 
small pea. This was especially noted in the right lobe. Sections showed 
the same findings. Parenchyma appeared otherwise normal. Adrenals and 
kidneys were normal. Lymph nodes of the mesentery, especially of the 
duodenum and upper end of the ileum, were enlarged and tended to form 
fused masses. On section these nodes were soft and of a dull pink-graydsh 
color. Bone marrow of the upper half of the humerus and femur was 
red, soft and jelly-like. 

_ Dog 312. Autopsy 98 days after first injection. The animal was ema- 
ciated but for the past week a decided change for the better was observed 
as regards physical strength and weight gain. 

The lungs were apparently normal. Bronchial and tracheal lymph nodes 
were palpably enlarged and of a firm flesh-like consistency. On section the 
cut surfaces were rather soft, moist and of a dull grayish-pink coloration. 
Heart was enlarged. The myocardium of the left ventricle was firm, the 
right flabby and dilated. Liver was slightly enlarged, firm in consistency, 
the external surfaces were smooth and the edges sharp. On section gray 
species were noted scattered throughout the liver, but nothing further of a 
pathologic nature presented itself. Both kidneys were apparently normal. 
Retroperitoneal lymph nodes were variously enlarged some to the size of a 
small bean. On section these nodes showed a soft, moist pulpy parenchjma 
of yellow-pinkish coloration. Bone marrow taken from the upper humerus 
and femur was predominantly red, soft and gelatinous. Bone marrow of 
the sternum was also of the red type but rather scanty in amount. 

Dog 24- Autopsy 90 days after the last appearance of the organisms in 
the blood smears. The dog was in an excellent physical condition and had 
completely recovered from the severe anemia and weakness present at the 
height of the infection. The lungs were apparently healthy throughout. 
The bronchial nodes were moderately enlarged and pigmented. The heart 
muscle was firm and of good tone. The liver, gall bladder and biliaiy tract, 
.gastro-intestinal tract, adrenals and kidneys presented nothing abnormal. 

Only a few fibrous adhesions marked the splenic bed. Mesentery lymph 
nodes, especially those confined to the upper abdomen*, were enlarged and 
fused into long masses often approximating 6 cm. in length and 2 cm. in 
width. The individual nodes, although massed together, tended to remain 
discrete. 

Bone marrow removed from the proximal ends of the humerus and femur 
was light pink, Avith scattered yellow areas of fat interspersed. The typical 
red variety of the dogs autopsied during the infective period was not in 
evidence. 

Dog 269. Autopsy 160 days after simple splenectomy. The dog was not 
infected with Bartonella and was used as a control. We were especially 
anxious to observe both the macroscopic and microscopic changes which 
might occur with the loss of the spleen. Special search w^as made in the 
lymph nodes and other reticuloendothelial structures to determine whether 
demonstrable definite compensatorj*^ changes appeared. This dog had been 
injected with trypan blue a year previously, evidence of which could be 
plainly seen in the various tissues. 

The lungs and heart w'ere normal. Bronchial Ijmph nodes were only 
slightly enlarged, discrete and spotted heavily with a bluish-black pigment. 
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In the abdomen the omentum was the seat of marked bluish-black pig- 
ment deposit as Avere also the intestinal mesentery and to a minor degree 
the bowel wall. The liver Avas smooth, normal in size, firm and dark bluish- 
red. The same dark color prevailed on section. Gall bladder and ducts 
Aver’e normal. At the site of the splenic bed a smooth scar was found,. No 
supernumerary spleens were found. The lymph nodes were only slightly 
enlarged and peppered with bluish black pigment deposits. 

The adrenals and kidneys were normal in size; the surfaces, both external 
and cut, shoAving a faint bluish tinge against a dark red background. 

Bone marrow removed from the proximal ends of the humerus and femur 
was a combination of the red and fatty varieties. The consistency was soft, 
pulpy in character and pf a dull pink gray. 

Histologic Examinations. In reporting on the histologic changes ob- 
served, the material examiired is conveniently arranged in two groups: I. 
Tissues obtained during the active infection period or the acute anemia stage 
(Dogs 1052, 25, 268), and II, those from dogs autopsied some time after the 
infection had run its course (Dogs 312 and 24). Dog 268 is considered in 
Group I because, even though organisms were not detected in the blood for 
a long time, the animal had not recovered from the severe anemia. 

Variations in individual dogs distinct from the group as a whole aaoII be 
referred to specifically. Dog 269 (control) Avill be considered separately. 

Group I. Active Infection Period. Microscopically, the liver cells shoAv 
some granular and fatty degeneration, especially in the central portion of 
the lobules. The ordinary undifferentiated endothelial lining cells of the 
liver sinusoids are not affected. The Kupffer cells are present in great 
numbers and shoAv marked phagocytic activity. They are for the most part 
enormously swollen and seem to block the lumen of the intralobular capil- 
laries (Fig. 7). In some areas the Kupffer cells show such proliferation that 
accumulations encroach upon and compress the cords of liver cells. The 
phagocytic activity of the Kupffer cells can be readily judged from the 
granules of green Avaste pigment, engulfed erythrocytes in various stages 
of disintegration and hemosiderin granules in their protoplasm. The micro- 
scopic section suggests that large amounts of cellular debris circulate in the 
blood during the height of the infection, a factor undoubtedly accounting 
for the marked stimulation of phagocytic activity. 

The Imer cells from Dog 25 do not show the marked degree of degeneration 
seen in Dogs 1052 and 268. The Kupffer cells in Dog 25, although not 
present in enormous numbers, are nevertheless abundant, and represent 
phagocytic activity and hyperplasia of the endothelial elements as occurring 
late in the dog's_ infectious period. As the blood picture at this stage is 
sloAvly approaching a normal level, these histiocytes are approaching 
their resting state. In this dog we also find small periportal foci consist- 
ing of small lymphocytes Avith reticuloendothelial elements in the back- 
ground. These are probably the result of Ijunphoblastic hyperplasia rather 
than an expression of inflammation, for neAvly formed collagenous fibers 
and other proliferative fixed connective tissue changes characteristic of 
chronic inflammation are not in evidence. 

In Dog 268 a diffuse exudate is also obserA^ed in the liver consisting mostly 
of small and large round cells but Avith a considerable number of neutro- 
phils. This can be sharply differentiated from the lymphoblastic foci of 
iiyperplasia in Dog 25. The Imer cords shoAv extensiA-e focal necrosis, 
confined more to the central and intermediate parts of the lobule. An 
attempt at fibrous repair is also in cAudence. This condition has eAudently 
dcA’cloped from an extension of a splenic portal thrombophlebitis or from 
a general pj'emia. The former is more likely, the primarj’- focus bemg the 
multiple abscesses in the foreign-body tumor described aboA'e. The phago- 
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cytic activity in this dog is in harmony with the blood picture prior to 
death where an increased blood destruction with release of cellular debris 
leads to phagocytic stimulation. 

Lymph Nodes. The Ijnnph nodes show a hyperplasia of the endothelial 
and reticular elements. Eosinophils and plasma cells are very abundant. 
The follicles fail to stand out prominently. The reticuloendothelial cells 
appear in the sinuses, particularly in the meduUa, as free active macro- 
phages. In some instances the free macrophages in the sinuses are so 
numerous as to fill these channels completely. 

Bone Marrow. There is a marked hyperplasia of all elements of the 
bone marrow, both of the stroma and the free cells in the meshes of the 
stroma (increased hematopoiesis). Conspicuous in the stroma is the un- 
differentiated cellular S3mcitium and typical phagocytic reticular cells or 
histiocytes (Fig. 8). Thin walled sinusoids are large and numerous. The 
littoral cells show considerable phagocytic activity; here and there they are 
seen rounded off and appearing as large free macrophages floating in the 
blood sinusoids. Only scattered single fat cells are found. 

The various ceU types of the hemopoietic tissue are irregularly scattered 
and mixed throughout the tissue. Most of the hemopoietic elements are 
young forms : erythroblasts and myelocytes with neutrophil, basophil and 
eosinophil granules. There are also large non-granular basophil cells of 
lymphoid nature, regarded as hemocytoblasts. Mature myeloid elements 
including the non-nucleated erythrocytes and the three types of granular 
leukocytes as they occur in the circulating blood are found everywhere 
between the other cells. Megakaryocytes are found scattered evenly 
among other elements. Some of them are enormous in size. 

Lung. The early active infectious period (Dog. 1052) showed little 
change microscopically. Findings of exudative inflanunation were wanting. 
In the later infective stage reticular elements were quite numerous and often 
filled with blood pigment. Free and fixed macrophages in the alveoli and 
interalveolar walls contain a varying number of hemosiderin and dark 
colored granules (“heart failure” ceUs). 

Kidneys. Many of the glomeruli show necrosis mth partial loss and 
disappearance of the glomerular structures. The endothelial cells of the 
glomeruli are for the most part swollen and the capillaries collapsed. 
The endothelium of Bowman’s capsule does not show a proliferative action. 
Occasionally a small collection of serum is seen in the subcapsular space. 
The tubules show various stages of degeneration even to the point of 
complete necrosis (Fig. 9). The tubular epithelium where still present 
has lost its nuclear elements, contains fat droplets and appears flattened. 
The picture is that of a severe nephrosis with some involvement of the 
glomeruli. Perla and Gottesman*'* regard the severe nephrosis encountered 
in Bartonella muris infection as due, not to the severity of the systemic 
infection, but to the irritation incident upon excretion of large amounts 
of hemoglobin. 

Group II. Post Injection Period. Liver. The liver shows focal necro- 
sis confined principally to the center of the lobules around the central 
veins ( Fig. 10) . In these areas the cytoplasm contains abundant fat droplets. 
The Kupffer cells are small and nonnal in appearance, mostly in a resting 
state showing little phagocytic activity. Yellow brownish bile pigment 
is seen onty in scattered intralobular capillaries. Here and there small 
collections of lymphocjdes are encountered in the periportal areas. These 
foci are composed of small lymphocytes and seem to arise in the reticular 
tissue about the periportal areas. 

Lymph Nodes. In these nodes the hj'perplasia is not as pronounced as 
in those taken from the dogs autopsied during the acute infectious period. 
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The general picture, however, bears some resemblance as regards reticular 
and endothelial proliferation, the latter often blocMng the sinuses and no 
doubt playing the role of active macrophages. With the abnormal blood 
destruction in these cases either partially or completely checked, the dimin- 
ished cellular debris allows 'the excess number of active macrophages to 
revert to the resting or undifferentiated syncitium. 

Bone Marrow. Hyperplasia of aU the elements of the bone marrow is 
still observed, perhaps not in degree comparable to that encountered in 
the dogs of the anemic phase but nevertheless definitely marked. Erythro- 
poiesis and myelopoiesis are prominently in the foreground. Megakaryo- 
cytes are present in abundance. 

Lungs. In the lungs nothing of a striking nature is revealed. Reticular 
elements are somewhat numerous and some are seen cariying blood pigment 
in varying amounts. Localized collections of lymphocytes, conspicuous 
in the liver, are not so abundant in the lungs. They are seen in small 
numbers scattered about the bronchi. There is no evidence of inflammation. 
The peribronchial lymphocytic elements are not an expression of inflamma- 
tion, but of lymphoblastic hyperplasia of the peribronchial lymphoid 
follicles. 

Kidney. Several areas of lymphoblastic hyperplasia with reticular 
activity in the background are prominently displayed in kidney sections 
from Dog 312. The kidney structures otherwise present nothing abnormal. 
Replacement fibrosis of old tubular destruction occurs as the outstanding 
feature in Dog 24. The changes are confined chiefly to the collecting 
portion of tubules. 

Dog 269 (control). The microscopic examination confined itself as 
in the other dogs to the liver, lymph nodes, bone marrow, lungs and kidney. 

Liver. ^ There is an apparent increase of Kupffer cells, which are mostly 
filled with trypan blue as are also the reticular cells found in increased 
numbers in the periportal areas. This hyperplasia dates back, no doubt, 
to the time of administration of trypan blue 10 months prior to splenectomy. 

Lungs. In the lung there is a considerable accumulation of pigment 
peribronchially, but no further microscopic changes of note occur. 

Lymph Nodes. Pigment deposit with replacement fibrosis is conspicuous 
throughout the section. Actual hyperplasia of reticular elements to a 
striking degree cannot be said to exist. 

Bone Marrow. A moderate degree of hyperplasia was observed in the 
various elements of the bone marrow. It might be mentioned, however, 
that the actual amount of red type marrow found at autopsy in the usual 
sites of distribution was small. 

Kidney. In the Kdney section only one small area occurred where 
definite lymphoblastic and reticular activity was manifested. In scattered 
areas the tubules within a fibrous zone are atrophied and show various 
degenerative epithelial changes. 

It must be admitted tliat^from the evidence derived from the 
examination of one control dog, definite and adequate conclusions 
are impossible. The observations of Weicksel and Gebhardt^' on a 
series of dogs, splenectomized, some a shorter — some a longer time 
(weeks, months, years) revealed nothing in the reticuloendothelial 
organs^ which appeared strikingly pathologic. The only finding 
that did not perhaps seem entirely normal to them was a moderate 
increase of Ivupffer cells in the individual animals. They conclude, 

that in dogs in which extirpation of the spleen dates back to more 
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than a month the increase of Kupffer cells in the liver is at least 
possible.” 

On the other hand, the accumulated experimental data of Pearce 
et in reference to changes in the bone marrow, liver and lymph 
nodes of numerous splenectomized dogs, show that during the early 
periods, 1 to 3 months, the change in the marrow is slight. After 
- the lapse of 6 months, however, the fat tends to be completely 
replaced by marrow cells. In the lymph nodes they found an in- 
crease of endothelial cells in a large proportion of dogs that had 
been splenectomized for periods of 2 weeks or more. The phago- 
cytic Kupffer cells of the liver were in most instances also increased. 
The bone marrow hj^ierplasia they regard not as compensatory 
to the anemia caused by splenectomy, but rather as an expression 
of bone marrow actively in taking over the hemolytopoietic function 
of the spleen in its absence. The findings in the liver and Ijunph 
nodes also suggest the development of a compensatory phagocytic 
function for the loss of the spleen. 

Discussion. Thus one finds that both the early and the late 
infectious periods are marked by changes confined almost exclusively 
to the reticuloendothelial elements of various organs. In the post- 
infection period these changes are still observed but here the picture 
is one of less activity and a reversion of the active differentiated 
phagocytic cells to the resting or undifferentiated elements. Further- 
more, in examining blood smears one is struck by the excessive 
amount of cellular d6bris in the form of broken down erythrocytes 
present in the circulation. This blood destruction is dependent 
upon Bartonella organisms finding abode in the red cells. With the 
rapid blood destruction that follows their entrance and with the 
subsequent cellular debris accumulating in the circulatory blood, 
a mechanism for the removal of this debris is called into play, hence 
the enormous activity of the phagocytic endothelial and reticular 
cells throughout their principal sites of distribution. 

The liver, lymph nodes and bone marrow being perhaps after the 
spleen richest in reticuloendothelial elements, it follows that 
phagocytic activity should be conspicuously demonstrated in these 
organs. In the liver this activity is manifested by the proliferation 
of the Kupffer cells. According to Maximow,’* “the tortuous 
sinusoids of the liver are interposed between the portal and the 
hepatic veins so that the blood pressure is exceptionally low and the 
‘blood stream very low. Such an arrangement facilitates the re- 
moval of substances from the slowly passing blood and enables the 
Kupffer cells maximum opportunity to take up foreign particles.” 

The focal necrosis seen so conspicuously in the liver and to some 
extent in the kidneys and other organs maj'' in all probability be 
explained by capillary thrombosis, leading to an ischemic de- 
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generation of dependent regional areas. Perla and Gottesman/^ 
in studying the pathologic lesions of Bartonella muris in the 
lymph nodes, regard them as the result of hyperactivity and sub- 
sequent exhaustion of the endothelial elements. _ These same 
authors regard the two outstanding types of lesions in the Iddneys, 
viz., focal necrosis and tubular degeneration as resultant upon 
endothelial destruction by the infectious process and excretion of 
hemoglobin and other irritating toxic substances of blood-cell 
destruction. 

The marked hemopoietie activity in the bone marrow is the usual 
picture of regeneration seen in other severe grades of anemia. The 
severe anemia often developing in a short time leads to a state of 
anoxemia of the tissues with various progressive parenchymatous 
degenerative lesions, especially in such cellular organs as the liver 
and kidneys. The icteric tinting of tissues and hemoglobinuria 
encountered at the height of the Bartonella infection is but another 
manifestation of marked blood destruction and possible lii'^er injury. 

The persistent changes observed in the dogs free from an active 
infection for months and after they had recovered from a severe 
anemia may in all probability be looked upon as compensatory for 
the loss of the spleen. These changes are associated, no doubt, 
with immunity to further infection with Bartonella canis. Dog 24 
could not on repeated attempts be reinfected 2 months after the 
last appearance of organisms in blood smears. Dog 269 (control), 
splenectomized 160 days prior to autopsy and free from organisms 
throughout this time, failed to show typieal histologic compensatory 
changes. Perla^® is of the opinion “that a compensatory mechanism 
to splenectomy develops only as a result of a physiologic need and 
in the absence of the Bartonella virus such a physiologic compensa- 
tion for the protective action of the spleen does not develop.” The 
compensatory changes are seen in the lymph nodes in the form of 
reticuloendothelial hjqierplasia, in the bone marrow in the form 
of hyperplasia of all the tissue elements and in the liver and lung 
in the form of lymphoblastic collections periportally. 

Summary. The course of Bartonella canis infection transmitted 
to 5 otherwise normal splenectomized dogs has been presented. 
The incubation period after injection w'ith Bartonella in the different 
dogs varied from 7 to 15 days. During the infection cycle the 
organisms appeared and disappeared periodically from the blood 
streain. No definite regularity as regards sequence and duration 
of periodic attacks and intervals of freedom from organisms was 
observed in the individual dogs or in the animals as a group. Asso- 
ciated with the Bartonella infection was a progressive cyclical 
secondary anemia, leading to general emaciation and physical 
weakness. The animals recovered and the blood approached normal 
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levels as soon as the severity of the infection began to wane. No 
fatality occurred in our dogs. 

The gross and histologic necropsy findings, of the chief reticulo- 
endothelial organs in dogs during the active infection stage and after 
the infection had run its course are presented. Most striking is the 
marked phagocytosis in the active stage and changes compensating 
for the absent spleen in the later stage. A control dog is also included 
and reference is made to the histologic changes observed in simple 
splenectomized dogs by various workers. 

A brief consideration of the activity of the reticuloendothelial 
elements occurring in Bartonella infection throughout their principal 
sites of organ distribution is given. 

I acknowledge indebtedness to Dr. Edward B. ICrumbhaar for suggesting and 
guiding the investigation, and to Dr. Eugene A. Case for assistance in the patholog- 
ical interpretations. 
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THE PEESENCE OF THE INTRINSIC FACTOR OF CASTLE IN THE 
GASTRIC JUICE OF PATIENTS WITH PERNICIOUS 
ANEMIA.* 

By S. M. Goudhamer, M.D., 

INSTBtICTOB IN MEDICINE, DNIVBB8ITT OF MICHIGAN, ANN ABBOB, MICH. 

(From the Thomas Henry Simpson Memorial Institute for Medical Research, 

University of Michigan.) 

Since Penwick, in 1877, and Cakn and von Mekring, in 1886, 
called attention to the relationship of gastric secretion and pernicious 
anemia, there has been considerable speculation concerning the 
etiology of this disease. Recently, Castle, Tovmsend and Heaths 
postulated that an “intrinsic” factor was necessary for the develop- 
ment of a substance which caused red blood cells to mature, and 
that this substance was present in gastric juice obtained from 
apparently normal individuals, but absent in the, gastric juice of 
patients with pernicious anemia. While this hypothesis is of the 
greatest importance, it does not explain adequately (1) the char- 
acteristic spontaneous remissions which occur in pernicious anemia; 

(2) why patients in relapse have variable red blood cell counts; and 

(3) why those patients with pernicious anemia who apparently 
have no “intrinsic” factor in their gastric juice are able to produce 
at least some mature red blood cells, despite the specific conclusion 
that the intrinsic factor must be present in order to accomplish this. 

In an attempt to explain some of these questions, the following 
experiments were performed with gastric juice obtained from patients 
with pernicious anemia in relapse. The patients selected were 
proven to have pernicious anemia by their history, physical findings 
and laboratory procedures. The red blood cell counts were made 
on a Neubauer-Levy counting chamber (new ruling, U. S. Bureau of 
Standards). The hemoglobin was calculated in a Sahli hemo- 
globinometer according to the recently modified method of Osgood 
and Haskins. The reticulocyte counts were made on brilliant 
cresyl blue stained cover-slip preparations, and on each occasion 
1000 red blood cells were counted. 

Since the gastric secretion in pernicious anemia is markedly re- 
duced in amount,^'® continuous aspiration of the stomach for 3-hour 
periods by means of a Avater suction pump (10 cm. mercury pressure) 
was necessary to obtain sufficient quantities of juice. The speci- 
mens were obtained under fasting conditions without histamin 
stimulation, as it Avas noted that this substance did not alter the 
gastric secretions in pernicious anemia. When the specimens AA'ere 
collected, sufficient concentrated hydrochloric acid AA'as added to 

* Presented at the meeting of the American Society of Clinical Investigation 
.Atlantic City, N. J., May, 1935. 
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produce a hydrogen-ion concentration of pH 2, and the material 
was then stored in the icebox for variable periods of time. Gastric 
juice samples were obtained at intervals from 26 patients in relapse, 
and a total of 177 observations were made on the volume of gastric 
juice secreted per hour. 

The average gastric-juice volume in the normal individual is 
approximately 150 cc. per hour.® In patients with pernicious anemia, 
the average gastric-juice volume was found to be approximately 



RED BLOOD CELLS - MILLIONS PER CU. MM. 


Chart I. — The relation between the average amount of gastric secretion and 
the red blood cell level in pernicious anemia (relapse). 


20 CC. per hour, although there was considerable variation in indi- 
vidual patients. The extremes of gastric secretion were 4 and 45 cc. 
per hour. From tbe figures plotted in Chart I, it appears that in 
untreated pernicious anemia patients in relapse there exists a 
direct relationship between the amount of gastric juice secreted and 
the level of the peripheral red blood cell count. Consequently, it 
may be inferred that the blood stimulating factor of the gastric 
juice varies with the volume, and that with decreased gastric secre- 
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tion there is a com'esponding decline in the red blood cell count. 
From these observations, it is suggestive that the so-called intrinsic 
factor in pernicious anemia is deficient in quantity rather than 
quality,® and the rate of hematopoiesis is dependent upon the 
quantity of intrinsic factor produced.® 

In suggesting the previous conclusion, it has been assumed that 
the gastric juice obtained from- patients with pernicious anemia 
contains the active principle or the so-called intrinsic factor. The 
following three experiments justify this conclusion. 
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Chart II. — The effect on a case of pernicious anemia of the daily administra- 
tion of pernicious anemia gastric juice incubated with beef steak. 


Experiment 1. The gastric juice used in this experiment was obtained 
from 5 untreated patients vdth pernicious anemia in relapse (red blood 
cell counts yarjdng from 1.5 to 3.3 milfions per cmm.). It was collected 
during a period of 8 weeks and stored in a refrigerator until 1500 cc. had 
been obtained. A daily dose of 150 cc. of gastric juice was incubated until 
200 gm. of meat for 2 hours, at pH 2 and later made pH 5. This was 
fed for_ 10 consecutive days to a patient -with typical pernicious anemia, 
whose mitial red blood cell count was 1.93 million per cmm. and hemo- 
globin 51% (Sahli) 7 .14 gm.%. Table 1 shows that a rise in the percentage 
of reticulocjdes started on the 10th day and reached a maximum of 9.8% on 
the 13th day. This was accompanied by an increase in the number of red 
blood cells and in the hemoglobin percentage. From the 10th to the 19th 
daj'’ no further treatment was ^ven and the reticulocjde percentage fell 
to the pre-treatment level. This response® is similar to those which were 
previously reported as indicative of the presence of the intrinsic factor in 
normal gastric juice.-* 

Experiment 2. _ The preceding experiment was repeated in order to rule 
i a spontaneous remission. The procedure v’-aried 

slightly m that the gastric juice feedings were given over a longer period 
of time, h or a period of 12 weeks gastric juice was collected from 10 patients 
uith permaous anemia in relapse. A total of 2545 cc. was obtained. For 
13 consecutive days, the subject (pernicious anemia in relapse) ingested 
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150 cc. of gastric juice incubated Avitli beefsteak, an!d for the last 2 dej^s 
the dosage of gastric juice M'as doubled. Chart II shows that a rise in the 
reticulocyte percentage started on the 7th da.v and reached a maximum of 
16.2% on the 11th day. A secondary rise of the ijercentage of the reticulo- 
cytes occurred on the 3d day after the dosage of gastric juice was doubled. 


Table 1. — The Effect on a Case op Pernicious Anemia of the Daily 
Administration of Pernicious Anemia Gastric Juice Incubated 
WITH Beefsteak. 
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The results obtained in these 2 experiments are most suggestive 
of the fact that pernicious anemia gastric juice contains the active 
principle, and the presence of this substance accounts for the limited 
hematopoietic activity which did occur in the' two experiments just 
described. 

Experiment S. If the intrinsic factor in reduced amounts is present in 
the gastric juice of patients mth pernicious^ anemia, it was thought that 
additional information bearing on this question might be obtained by the 
following procedure: obtain a relatively large amount of gastric juice from 
a patient with pernicious anemia m relapse and then administer it to the 
same patient for a short interval in concentrated form. Daily specimens 
were obtained by aspiration of the gastric secretions for a period of 20 
days. A total of 760 cc. were collected. Because of the small amount it 
did not seem practical to adrmnister it orally; and since preidous investi- 
gators®-® had proven the effectiveness of intramuscular injections of normal 
gastric juice, this method was chosen. The gastric juice was concentrated 
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under reduced pressure to 12 cc. Tbis amount was dhdded into two equal 
doses and given on successive days. At the onset of treatment, the red blood 
cell count was 2.6 millions per cmm. and the hemoglobin 76%. Chart III 
shows an initial increase of the reticulocytes on the second day, a maximum 
peak of 7.4% on the 10th day and then a return to the pre-treatment level. 
Since there are no standards by which to compare this response, it can only 
be concluded that pernicious anemia gastric juice contains the intrinsic 
factor. If one wishes to compare the results with the reticulocyte standard 
of oral administration of liver extract or desiccated stomach,^ the peak in 
this, experiment reached the calculated response for this individual. 



Chart III. — The effect on a case of pernicious anemia of two intramuscular 
injections of the patient’s gastric juice (concentrated). 

From the experiments described, it appears possible to explain 
why patients with pernicious anemia are able to maintain a limited 
amount of hematopoietic activity, and why different patients have 
different rates of red cell formation. Apparently erj’thropoiesis 
depends in part, at least, upon the action of the intrinsic factor, 
and the rate of red blood cell formation is related to the amount 
of the intrinsic factor produced. Spontaneous remissions still 
remain in the realm of speculation. 

Conclusions. 1. The intrinsic factor of Castle is present in the 
gastric juice of patients wnth pernicious anemia in relapse. 

2. The deficiency of the gastric secretion in pernicious anemia 
appears to be quantitative rather than qualitative. 

3. The red blood cell count, in relapse, falls to a level determined 
by the amount of intrinsic factor w’hich the patient is able to secrete 
in his gastric juice. 
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THE TREATMENT OF CORONARY ARTERY DISEASE BY 
INTRAVENOUS INJECTIONS OF HYPERTONIC SALINE 

SOLUTION. 

By Sydney C. Feinberg, M.D., 

ASSISTANT CHIEF, ADULT CARDIAC CLINIC, MOUNT SINAI HOSPITAL, 

NEW YORK CITY. 


The favorable results achieved by Silbert^ in the treatment of 
patients suffering from thromboangiitis obliterans, by repeated 
intravenous injections of lijTiertonic saline solution, suggested the 
possibility of applying the same principle of therapy to arterial 
disease of the heart. Silbert administers hypertonic salt solution 
in 300 cc. doses intravenously, 3 times weekly. Patients so treated 
soon lost their pain. Although the disease process differs essentially 
in coronary sclerosis, the therapeutic objective, the development 
of collateral circulation, is identical in the two conditions. 

The author harbored this belief for 6 years, but feared to give 
intravenous saline injections to patients with coronary artery dis- 
ease. Three years ago, however, an opportunity occurred to observe 
the effect of this therapy. A patient having arteriosclerotic closure 
of the leg vessels and coronary disease, was given intravenous 
therapy accidentally before a cardiac examination was made. Three 
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injections of 5% sodium chlorid solution of 300 cc. each had been 
given to the patient before the diagnosis was known. A cardiac 
study then revealed that he had had a coronarj' thrombosis 10 
years previously. Since that time he had been unable to walk more 
than 5 to 6 city blocks. Beyond this distance he was stopped by 
precordial pain. His electrocardiogram taken on February 15, 
1932, showed a diphasic T wave in Leads I and II (Fig. 1). Be- 
cause his precordial pain on walking completely disappeared on the 
first 3 injections, the intravenous injections were continued. During 
the following 3 years of this treatment he had only one episode of 
angina. This occurred after the patient had an altercation with 
members of his family. The attack lasted only 1 day. At the 
present time he receives a weekly injection of 300 cc. of a 5% solu- 
tion of sodium chlorid. Today he can walk any distance without 
sjunptoms. 

During this fi-year period 15 other patients with combined 
arteriosclerotic closure of leg vessels and coronary artery disease 
have been treated with intravenous injections of hj^ertonic salt 
solution. No untoward accident has occurred. The results in 
these 15 cases appeared so promising that 6 intractable cases of 
angina pectoris due to coronary artery disease without arterial 
involvement of the extremities were selected for special study. 
The group consisted of 5 cases of angina pectoris following coronary 
artery thrombosis and 1 case of coronary sclerosis in a diabetic. 
These patients had had coronary artery disease for at least 6 months 
and had not improved under the ordinary course of treatment, 
which consisted of a restricted diet, cessation of smoking, drugs 
when indicated, physiotherapy and prolonged rest. None of the 
6 patients could walk one block without being stopped by precordial 
pain or dyspnea. 

Therary; The initial dose was 100 cc. of a sterile 5^ sodium 
chlorid solution. Subsequent doses were increased by 50 cc. weekly 
up to a maximum of 250 cc. Injections were given 3 times weekly. 
If precordial pain occurred during, or immediately following, the 
increased intravenous injection, it was evident that the heart was 
not ready for it. The author continued the therapy with the ])re- 
vious dose for a period of 3 weeks. The increased dose was then 
retried and was in every case successful. A graduated 300 cc. 
burette was used and the solution was given intravenously by 
gravity. The burette was about 3-| feet above the patient who was 
lying horizontally. Patients were not hospitalized and came to the 
clinic unattended. Minor untoward reactions occurred in the 
treatment which will be noted in the clinical description of each 
patient. These patients did not receive any drugs or other treat- 
ment after the intravenous injections were begun. 



412 feinberg; treatment of coronary artery disease 


Case Reports. Case 1.— P. A. (Hosp. Chart No. 361748), white, male, 
Puerto Rican, cigarmaker, aged 46, had been on the wards of this hospital 
t-Rice. The date of his last discharge was February 10, 1934. He was 
admitted to the hospital for the second time because of severe precordial 
pain and dyspnea on exertion. A Roentgen ray examination of the left 
shoulder showed calcific deposits in the region of the left subdeltoid bursa. 
The discharge diagnosis was coronary thrombosis, coronary sclerosis and 
chronic left subdeltoid bursitis. For 6 months foUoiving his discharge from 
the hospital he was practically confined to his home because he was unable 
to walk one block without dyspnea on exertion. He came to the dispensary 
vdth the greatest difficulty, not only for treatment of his heart, but also 
for the pain in the left upper extremity. Neither the heart nor the left 
upper extremity improved by the ordinary methods of therapy for 6 months. 

Physical examinalion before initiating the intravenous therapy showed; 
Heart: left border in the fifth interspace 8 cm. from the midsternal line. 
Sounds are of poor quality, regular, 80; no murmurs. Blood pressure 
110/80. Lungs: clear. No e\ddence of decompensation. He was unable 
to move his left upper extremity due to subdeltoid bursitis. 

Intravenous therapy was begun on August 17, 1934, with 100 cc. of 5% 
sodium clilorid solution. . The plan outlined above was followed. After 
the 5th injection the patient was able to raise the left hand a short distance 
from his side. The improvement continued slowly so that after the 15th 
injection, he was able to raise the left upper extremity above his head with- 
out pain. There has-bep no recurrence of this pain up to date. The spasm 
of the left upper extremity was a manifestation of coronary artery disease. 

He noticed that he was able to walk two blocks without dyspnea after 
the 6th injection. Here again improvement has progressed steadily. At 
the present time he can walk from 10 to 15 city block ivithout symptoms. 
A point of interest was the precordial pain which occurred when the dose 
was raised to 250 cc. This pain lasted an hour. Taking this as a danger 
signal, the dose was returned to 200 cc. for 2 weeks. Then when the 250 cc. 
dosage Avas again tried, no precordial pain ensued. At present he gets 
250 cc. twice a week. His electrocardiogram gave evidence of myocardial 
damage (Fig. 2). 

Case 2.— A. G. (Hosp. Chart 359000), Russian Hebrew operator, ivhite, 
male, aged 48, had been in the Avards of this hospital on 3 occasions. He 
was discharged on NoA'^ember 18, 1933, Avith the diagnosis of coronary 
artery thrombosis and coronary sclerosis. On his last hospital visit a 
venesection was done because of heart failure. For 9 months follovdng 
the last discharge from the hospital, his time was largely spent in convales- 
cent homes. He was unable to walk up a flight of stairs because of angina 
pectoris and dyspnea and could only walk one block on level ground. 

Ph 5 '’sical examination of the chest before salme treatment was started, 
Avas: Heart: the left border was in the fifth interspace 9 cm. from the mid- 
stemal line. Sounds were regular, fair, 92; soft apical systolic murmur. 
Blood pressure was 140/100. _ Lungs: clear. No evidence of decompensa- 
tion. His electrocardiogram is shoAvn in Fig. 3. 

IntraA^enous therapy was begun on August 17, 1934, Avith 100 cc. of 5% 
sodium chlorid solution. The same procedure AA'as followed as outlined. 
On the 7th injection, he found he could AA'alk tAvo blocks Avithout distress. 
He experienced no cardiac complaint under a steadilj' increasing dosage. 
After a montli’s treatment he Avas able to Avalk 4 blocks AAuthput distress. 
After 9 months’ treatment his range of activity is from 4 to 8 city blocks. ' 

Case 3.'— A. B. (Hosp. Chart No. 363119), Russian HebreAv tailor, Avhite, 
male, aged 63, has been in and out of the hospital AA'ards many times during 
the past 12 years, ^’i'hen his attacks of precordial pain Avith radiation down 




... u liir 


FIGURE 4. 


Fig. 1. T vraves in Leads I, II and III diphasic. Q waves in Leads II and III deep. 
Fig. 2. T "wavD in Lead I low, diphasic in Lead II, and inverted in Lead III. Q wave 
^ in Leads II and III large. 

Fig. 3, T wave in Load I diphasic. notched and slurred in all leads. 

Fig. 4. T wave in Lead II low and diphasic in Lead III. Q wave in Lead III deep. 












Fig. 5.—T wave in Lead III inverted. Q wave in Lead III deep. T wave in Lead IV very prominent. This electrocardio- 
gram is not conclusive. The diagnosis of coronary artery thrombosis and sclerosis was made on the clinical course of the case. 
Fig. G.—T wave in Lead I flat, inverted and cove plane in Lead II, and inverted in Lead III. 

Fig. 7.—T waves of low voltage in all leads, and upright in Lead IV. 
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his left arm became too severe, hospital care resulted in the amelioration 
of symptoms. Two and a half years ago, it was noted that he had sugar in 
his urine and since then he has been under a special dietary regimen. 
During the past 6 months he has been unable to walk a block without having 
excruciating, clamping precordial pain. He was compelled to take to bed 
during this period at least 3 times a week. Nitroglycerin was the only 
drug which relieved him. 

Intravenous therapy was started on August 17, 1934. This patient 
first noticed improvement about 2 weeks after the therapy was begun. 
In the course of treatment he was able to walk to the hospital which was 
5 blocks away from his home without experiencing pain or other sjroptoms. 
The treatment was stopped for a period of 5 wee& because jaundice devel- 
oped. But after this cleared up, treatment was resumed. At present he 
gets 200 cc. of the solution twice a week and is able to walk 6 city blocks 
without pain. 

His electrocardiograms never showed any abnormality until recently; 
on March 14, 1935, it showed a definite change (Fig. 4) . 

Case 4. — J. E. (Hosp. Chart No. 373916), Russian Hebrew, operator, 
white, male, aged 40, was discharged from the wards of this hospital on 
April 15, 1934, with the diagnosis of coronary thrombosis and coronary 
sclerosis. Up to the time of instituting saline therapy, an interval of 7 
months, he was unable to leave his home because he experienced angina 
pectoris after walking 1 block. The Master step test confirmed the patient’s 
disability; he was unable to complete the 22 mounts required of him accord- 
ing to his height, weight, age, and sex. He stopped after 5 mounts because 
of precordial pain. 

His chest findings before treatment was begun were: Heart: the left 
border of the heart was in the fifth interspace 9 cm. from the midstefnal 
line. The sounds were poor, regular, 76; no murmurs. Blood pressure was 
130/80. Lungs are clear. There was no evidence of decompensation. 
Electrocardiogram (Fig. 5). 

Intravenous therapy was begun on November 17, 1934, ivith a 100 cc. 
dose. An obstacle in the ambulatory treatment was the great distance the 
patient had to travel to the hospital. He came to the dispensary from his 
home completely exhausted and suffered extreme angina pectoris. In 
order to build up his cardiac reserve he was admitted to the wards of the 
hospital and remained there 2 weeks. On the wards he received a daily 
intravenous injection of 100 cc. The Master step test demonstrated his 
improvement, for he was able to complete the 22 mounts without distress. 
Ambulatory treatment was again resumed but during the following 3 
months he was taken to the dispensary by^ automobile. However, he re- 
turned home on foot. Under treatment his improvement processed stead- 
iljr. He can now' climb the subway stairs .slowly with no difficulty. At 
present he can walk from 10 to 15 blocks without symptoms. 

Case 5. — 0. S. (Hosp. Chart No. 371843), Russian Hebrew, white, male, 
aged 55, w'as admitted to the wards of this hospital twdce. The final note 
on his first visit on October 3, 1931, show'ed that he had arterial hypertension 
of 3 years’ standing and had been admitted after 10 months of increasing 
attacks of precordial pressure, orthopnea, and dyspnea. His electrocardio- 
gram show'ed cover-plane T w'aves in Leads II and III. He was readmitted 
to the wards on October 7, 1934, giAung an inten'^al histor 3 ^ of being followed 
in the cardiac clinic since his first hospitalization. He felt somewhat better 
at times during the 3 years, but for the past 6 months he W'as repeatedly 
seized with excruciating precordial pain radiating to the back. These 
attacks were relieved by nitroglycerin tablets. During the attacks he was 
obliged to sit up in bed and gasp for breath. The date of discharge after 
his second hospital ^’isit was October 20, 1934. 
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Intravenous therapy was begun on December 15, 1934, with the initial 
dose of 100 cc. After 2 weeks of treatment he found he was able to make 
the journey from his home to the dispensary, 5 blocks away, despite the 
fact that he had slight precordial oppression. His improvement has pro- 
gressed slowly. He now receives 2 injections a week. He experienced no 
chest symptoms on increasing the amount of hypertonic salt solution. 
Since the fourth dose, about 5 months ago, he has had only 2 severe attacks 
of precordial pain. He can walk 5 to 10 bloclcs at present. 

His electrocardiogram is shown in Fig. 6. 

Case 6. — F. R. (Disp. Chart No. 33-9226), Russian laborer, white, male, 
aged 55, was admitted to the dispensary on June 7, 1933, giving a 2 years’ 
history of precordial pain with radiation down the left arm. An electrocar- 
diogram at this time showed a cove-plane T wave in Lead I and a slightly 
inverted T wave in Lead II. He was treated at the cardiac clinic in routine 
fashion for 1| years but was unable to walk 1 block without severe precordial 
pain. He took 7 to 8 nitroglycerin tablets a day to relieve the attacks. 

Physical examination of his chest before intravenous injection showed; 
Heart: left border in the fifth interspace 9 cm. from the midsternal line. 
Soimds are poor at the base but are better at the apex. Rate 84 ; no murmurs. 
Blood pressure 135/90. Lungs are clear. Electrocardiogram on November 
3, 1934 (Fig. 7). 

Intravenous injections were begun on October 13, 1934, with 100 cc. of 
the solution. He first noticed that he could walk 2 blocks without angina 
after the 5th injection. The increasing dosage produced no chest complaints. 
His improvement has continued until now, after 6 months’ treatment, he 
can walk from his home, 20 blocks away, to the dispensary. 

Discussion. These 6 patients with angina pectoris were selected 
for treatment with intravenous injections of hypertonic salt solu- 
tion because they were definite and uncomplicated cases of coronary 
artery disease whose symptoms had not been relieved by the usual 
forms of therapy. Striking improvement occurred in all. It might 
be contended that the good results obtained in these cases were on 
a psychogenic basis. These patients are usually heart conscious 
and their cardiac status may be improved temporarily by psycho- 
therapy, but clinical experience proves that the pain soon returns. 
Harlow Brooks,^ in a recent talk, stated that in his experience, which 
is large, autosuggestion in true angina wms of no permanent value. 

It may also be admitted that spontaneous remission of anginal 
pain and other sjunptoms may occur under any form of treatment 
or even wuthout treatment other than a period of rest. The cases 
employed for this therapeutic experiment were selected because 
they had all failed to improve spontaneously over long periods of 
observation in spite of rest, sedatives, and the customary thera- 
peutic procedures. 

No claim is made that the arteriosclerotic process responsible 
for this disease is arrested. The treatment w'as employed in an 
attempt to increase the collateral circulation. Bj' postmortem 
injections Gross^ has shown that remarkable degrees of collateral 
circulation may develop in the heart following occlusion of a coro- 
nary vessel. He states that the functional condition of the heart 
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after a coronary occlusion depends upon the richness of the collateral 
circulation which subsequently develops. The intravenous admin- 
istration of large amounts of hypertonic salt solution probably 
favors the development of collateral circulation through the finer 
ramifications of the coronary system. 

Contraindications. In selecting the first, cases, care was taken 
to avoid those that showed: 1, Nephritis; 2, cardiac decompensa- 
tion; 3, cardiac arrhythmia (except extrasystoles and sinus arrhyth- 
mia); 4, arterial hypertension over 180 mm. of mercur3^ Only 
further experience will show whether all four must be regarded as 
definite contraindications to the treatment. 

Summary and Conclusion. 1. Six patients with severe and in- 
tractable angina pectoris due to coronary artery disease who were 
seriously incapacitated and had not improved on rest and customary 
therapy, were treated with repeated intravenous injections of 
hypertonic saline solution over long periods of time. 

2. Definite and continuous improvement has been noted in their 
clinical condition. 

3. The hypothesis is presented that the clinical improvement 
may he due to the fact that the treatment encourages a more rapid 
development of collateral circulation in the heart wall. 

REFERENCES. 

1. Silbert, S.: Thrombo-angiitis Obliterans: Results of Treatment with Repeated 
Injections of Hypertonic Salt Solution, J. Am. Med. Assn., 94, 1730, 1930. 

2. Brooks, H.: Treatment of the Patient with Angina Pectoris, Bull. New York 
Acad. Med., 11, 447, 1935. 

3. Gross, L.: Blood Supply to the Heart, New York, Paul B. Hoeber, Inc., 1921. 


CARDIOMEGALIA GLYCOGENICA CIRCUMSCRIPTA.* 

By Leonard E. Finkelstein, A.B., 

BROOKLYN, N. Y. 

(From the Department of Pathology, University of Pennsylvania.) 

Hypertrophy of the heart in infants due primarily’- to massive 
deposition of glycogen has been recognized only* ivithin the past 
few years, and has been regarded as representing a cardiac tyqie of 
von Gierke’s glycogen storage disease. The few cases heretofore 
reported have shown diffuse involvement of the my-ocardium. ' 
However, tlie possibility that there exists general hyqiertrophy’^ of 
the heart associated with localized glycogen deposits not of neo- 
plastic origin, must be thought of in view of the case of Carrington 
and Krumbhaar,^ discussed below. 

* Read Ix^foro the 27th Annual Meeting of the Undergraduate Medical .Society 
of the University of Pennsylvania, April 25, 1935. 
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Von Gierke’s disease, first described in 1929, is a disease of young 
children characterized by the abnormal accumulation and storage 
of glycogen in the parenchymal cells of yarious organs, together 
with enlargement of one or more of the afl'ected organs. A tremen- 
dously enlarged liver and very large kidneys were found by von 
Gierke^ in each of his 2 patients. He concluded that he was dealing 
with some metabolic disturbance, and likened the disorder to the 
lipoid deposit diseases of Gaucher and Niemann-Pick. 

In 1932, Bischoff® and Putschar'* presented the clinical and 
necropsy findings respectively in a case in which the most markedly 
involved organ was the heart. Subsequently, Pompe,® also, de- 
scribed a case with glycogenic cardiac hjqiertrophy, without enlarge- 
ment of the liver. It soon became apparent that there were at 
least two essential forms of the disease, the hepatomegalic and the 
cardiomegalic. Of the latter, 10 cases are now accepted as proved. ® 

In the cardiac type the heart may become very greatlj’’ en- 
larged. The myocardium is described as pale, brownish or 
reddish-pink with possibly grayish streaking. No definite changes 
have been found in the pericardium, endocardium, valves, aorta or 
coronary arteries. The histologic picture is striking, for the entire 
myocardium presents a mesh or network appearance. The spaces 
of the mesh are of varying sizes and shapes, and the walls are seen, 
under high power, to be composed of striated fibers. Antopol, 
Heilbrunn, and Tuchman^ state that in tangential section the 
muscle cells appear in the form of “hollow cylinders surrounded by 
delicately striated protoplasmic walls.” The' nuclei are usually 
located at the periphery of the cells. According to Humphreys 
and Kato, ® the length of the muscle fibers is from 2 to 4 times normal. 
Some perivascular fibrosis and thickening of the endocardium have 
occasionally been reported. Best’s carmine stain reveals that the 
vacuoles are filled with glycogen granules, some being present also 
in the interstitial tissue but none in the nuclei. Fat stains are 
invariably negative. 

The storage of glycogen may occur in many other tissues. It is 
interesting to note that in one instance of skeletal muscle involve- 
ment not all the fibers were affected to the same degree. Many 
normal ones were interspersed between vacuolated, glycogen con- 
taining fibers.® 

Pompe® was the first to point out that diffuse rhabdomyomatosis 
and so-called idiopathic hypertrophy of the heart may be manifes- 
tations of the cardiomegalic type of glycogen storage disease. 
Rhabdomyomas are known to contain abundant glycogen. ® These 
tumors, which may occur either as single or multiple nodules in 
the myocardium, or in a more diffuse form, are sometimes said to 
have a microscopic appearance resembling that found in von 
Gierke’s disease. Pompe cites several such instances, and has even 
suggested that rhabdomyomas arise on the basis of a disturbed 




Fig. 1.— Photomicrograph of cardiac muscle shotvlng area of vacuolization. Low- 

power view. 



Fk;- 2.--Photomicrograph of section from the original block of myocardium after 
staining with Best’s carmine stain. Glycogen is represented by the red staining dots 
which here appear black. Most of the glycogen has e\'idcntly been washed out 
because of the formalin originally used as the fixing medium. High power \-iew. 
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metabolism and are not neoplastic.* However, the histopathology, 
as discussed in detail by Wolbach* and as reviewed recently by 

Farber,* is quite distinctive and dissimilar. _ ; 

For the unusual condition of so-called idiopathic liypertroplij 
of the heart in children no adequate exiilanation of the cause has 
been given. But at least 1 such case, that of Sprague, Bland and 
Whitei* has been found to belong to the cardiac type of von Gierke s 

disease (Humphreys and Kato«). 

In 1924, Carrington and Krumbhaar^ described a case of idio- 
pathie hypertrophy of the heart the histology of which suggests 
glycogen storage disease. The patient, a female child of 10 months, 
was found clinically to have a large heart and a palpable liver and 
spleen. ' Tvm months later she died of a bronchopneumonia, and 
the large heart was brought to Dr. Krumbhaar for pathologic 
examination. 

At necropsy the heart was found to be greatly hypertrophied, 
with some dilatation of the left side, weighing 136 gm. instead of 


the normal for that age of about 35 gm. The endocardium was 
slightly thickened, the valves were thin and competent, and both 
the foramen ovale and the ductus arteriosus were closed. The left 


coronary artery had an anomalous origin from the pulmonary 
artery just above the posterior cusp and nourished distinctly less 
than half the heart. Though grossly no differences were observed 
in different parts of the myocardium, microscopic examination dis- 
closed areas of large wavy muscle fibers showing what was reported 
as “vacuolar degeneration.” This was most marked in the areas 
supplied by the anomalous artery (Fig. 1). Elsewhere the fibers 
were large with large rectangular nuclei. A slight diffuse fibrosis 
was also present in some places. No glycogen or fat stains were made. 

The liver was somewhat enlarged, weighing 384 gm., the normal 
being about 275 gm., and microscopically revealed a fleecy shreddy 
appearance of the cells. Moderate inflammatory changes were 
noted in the kidneys. 

^ In view of the possibility of this being a case of glycogen storage 
disease because of the degree of vacuolization, it w^as desirable to 
review the original tissues in the light of more recent knowledge. 
Reexamination of the old slides and of newly cut sections from the 
heart shows many areas of vacuolization both in the walls of the 
ventricles and in the papillary muscles. Under high power the 
muscle cells are seen to be large and distended but empty, with no 
particular changes in the nuclei. The large empty spaces do not 
resemble those produced by fatty change when a comparison is 
made with a fatty heart. Certain areas appear to be similar to less 
exten^vely involved areas in sections from the proven case of Anto- 
pol, Heilbrunn and Tuchman, and are almost identical with the 
descriptions and photographs of various other authors. Both fat 
and glycogen stains were made and found to be negative, but this 
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was to lie expected since the gross specimen had rested in preserving 
solution over 13 j^ears. 

As a final measure new sections were cut froin the old paraffin 
blocks in whicli the tissues had been imbedded, and stained with 
Best’s carmine stain. In the vacuolated areas there can now be 
observed numerous small, discrete, red stained granules which are 
present both in the empty spaces and in the remaining substances 
of the muscle fibers. There are also small granules scattered in the 
scattered in the adjacent and apparentlj’- non-aft’ected, i. e., non- 
vacuolated, portions and in the interstitial tissue (Fig. 2). Con- 
sequently, we are able to say that there is a definite deposition of 
glycogen in this heart. Even in these preparations there was ample 
opportunity for much of the glycogen to be dissolved postmortem. 
We have, therefore, a heart with many localized areas resembling 
vacuolization which can be showm by means of the carmine stain 
to contain glycogen. The histology in these parts is not at all like 
that of a rhabdomyoma but rather resembles that of glycogen 
storage disease. 

The anomalous coronarj" artery and the mild renal changes were 
regarded in the original report^ as insufficient cause for the tre- 
mendous general hypertrophy. The possibilities that present them- 
selves are: 

1. This case may represent a localized cardiac tj^ie of. von Gierke’s 
disease. The etiologic factor might be ascribed to a congenital 
anomalous failure of, or retardation in, the development of the local 
glycogenoljdic enzymes in late fetal life, the "dysontogenetic 
hypenzymatosis” of von Gierke,* or to a localized failure of onto- 
genetic myocardial development subsequent to “persistance of the 
fetal tjqie of glycogen metabolism.”^ As congenital anomalies are 
often multiple, the presence of the anomalous artery lends color to 
the congenital anomaly concept. The uninvolved areas may be com- 
pared to the uninvolved fibers in skeletal muscle in Humphreys and 
Kato’s case cited above.® 

2. It may represent a stage of recovery in von Gierke’s disease. 

3. It maj"- be a consequence of the abnormal blood supply from 
the anomalous artery, or, 4, Glycogen accumulation may be added 
to the list of possible causes of idiopathic hypertrophy.' The histo- 
pathology may then be said merely to simulate that of glycogen 
storage disease. 

In the future such cases w'ith areas of apparent vacuolization 
should be tested for the presence of glycogen. 

The descriptive term cardiomegalia glycogenica circumscripia is 
suggested to differentiate this condition from the more diffuse 
involvement in a tjq>ical case of cardiomegalic glycogen storage 
disease. 

Summary. 1. A case of idiopathic hjqiertrophy of the heart, 
reported in 1924 by Carrington and Krumbhaar, is reviewed. His- 
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tologically the myocArdiuiii showed luany areas of apparent vacuoli- 
zation similar to those found in the cardiac type of von Gierlce’s 
disease. Moreover, the presence of glycogen can be demonstrated 
in this specimen. 

2. Such localized deposits of glycogen in an otherwise unexplained 
hypertrophy of the heart may represent a localized form of von 
Gierke’s glycogen storage disease, or a healing stage of that disease, 
or merely a cause of idiopathic hj^iertrophy. 

3. The descriptive term “cardiomegalia glycogenica circum- 
scripta” is suggested for this condition. 

My thanks are due to Dr. ICrumbhnar for the opportunity to study this material 
in his department and for suggestions during the course of the study. 
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Husian Pathology. A Textbook. By Hoavard T. KArsner, ]\I.D., 
Professor of Pathologj', Western Reserve University, Cleveland. With 
an Introduction by Simon Plexnbh, M.D. Pp. 1013; 433 illustrations, 
18 in color. Fourth edition, revised. Philadelphia: J. B. Lippincott 
Company, 1935. Price, 810.00. 

In the new edition of this standard textbook the chapter on the general 
pathology^ of tumors has been completely rewitten, and the sections on the 
hematopoietic system, the ductless glands and nervous system have been 
revised and brought up to date. Three hundred references have been 
added to the bibliography. It is gratifying to note that the excellence of 
the work has been fully maintained. M. McC. 


A Bibliography of Two Oxford Physiologists, Richard Loitoe 
(1631-1691) AND John May'ow (1643-1679). By John F. Fulton, 
M.A. (OxoN.), Sterling Professor of Physiologj'^ in the Yale University 
School of Medicine. Pp. 62; 7 illustrations. Oxford: University 
Press, 1935. (No price given.) 

A WELCOME successor to the author’s bibliograpliy of Robert Boyle, this 
book describes 42 editions of Lower’s 5 major works and 18 editions of 
Mayow’s 3 books. In continuation of the idea of humanized bibliography. 
Dr. Franklin’s Introduction and the author’s Preface and Epilogue ^ve 
a background and sidelights that bring these two 0.xford phj'siologists 
clearly before us. _ Mayow, in_ agreement with Paterson’s views, is por- 
trayed as the uncritical popularizer; Lower as the independent and briUiant 
investigator. The valuable point is also emphasized that “scientific ideas 
should be considered in relation to the soil from which they grow.” 

E. K. 


Agents of Disease and Host Resistance. Including the Principles of 
Immunology, Bacteriology, Mycologj'^, Protozoology, Parasitology and 
Virus Diseases. By Frederick P. Gay, in association with 19 others, 
all of whom, except 4, are past or present members of the Department 
of Bacteriology, College of Physicians and Surgeons, Columbia Univer- 
sity, New York. Pp. 1581; 212 illustrations, 6 colored plates, 125 tables 
and 61 diagrams. Springfield, 111.: Charles C Thomas, 1935. Price, 
810.00. 

This extensive treatise by Professor Gay and his associates deals with 
the etiology of disease in its broadest sense. As stated in the Preface, 
attention has been centered on principles rather than practice, that is to 
say, the book contains almost no detailed information as to the technique 
of the laboratory sciences with which it deals. Since there are a number 
of e.xcellent manuals on technique, the omission of details of methods 
allows the inclusion of subjects not usually brought together in book form. 
The work consists of 12 parts divided into 65 chapters. In the first 5 parts 
(pp. 1-454) are discussed the general aspects of the causation, classification 
and nature of disease; inanimate disease agents and tolerance; the mor- 
phology' and physiology of living disease agents, particularly bacteria; 
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infection and epidemiology; and resistance and immunity. The sixth and 
largest part (pp. 455-1070) deals with pathogenic bacteria and diseases 
produced by them; the seventh path pathogenic spirochetes and spiroche- 
toses (pp. 1071-1108); the eighth vnth pathogenic fungi and fungus dis- 
eases (pp. 1109-1151). In Part IX (pp. 1152-1274) are a number of chap- 
ters on fflterable viruses and related pathogenic forms. In Fart X vpp. lidoo- 
1435) the animal pathogens are treated; ^Yith chapters on the pathogenic 
protozoa, on helnainths, and on arthropods as agents and vectors of disease. 
The next part (pp. 1436-1466) which in the Rerdewer’s opinion should 
either be omitted or expanded) discusses diseases of obscure etiology. In 
the final part (pp. 1467-1562) are presented practical results in the diag- 
nosis, prevention and cure of infectious diseases. 

A. good selected bibliogi;aphy is given at the end of everj’’ chapter . Over 
200 illustrations, some of them colored, and numerous well-arranged tables 
and diagrams add to the value of a book which null serve not only as an 
excellent text for the advanced student of bacteriology and allied sciences, 
but also as a modern presentation of subjects of great importance^ to the 
practitioner of medicine who stands in need of a reference work of this kind. 

B. L. 


Diseases of the Nose and Throat. For Practitioners and Students. 
By Charles J. Imperatori, M.D., F.A.C.S., and Heralvn J. Burman, 
M.D., Professor and Instructor respectively of Clinical Otolarjmgologj’-, 
NewYork_ Post-Graduate Medical School, Columbia University. Pp. 
723; 480 illustrations, some in colors. Pliiladelphia; J. B. Lippincott 
Company, 1935. Price, S7.00. 

This work contains a wealth of information briefly presented, which 
should be of great practical value to the student, practitioner and specialist. 
Methods of diagnosis and treatment of nose and throat conditions are 
tabulated. Considerable space is devoted to peroral endoscopy. 

K. H. 


Resell A. Hibbs. Pioneer in Orthopedic Surgery, 1869-1932. By 
George M. Goodivin. Pp. 136; illustrated. New York; Columbia 
, University Press, 1935. Price, S2.00. 

of fbo work and life of a physician is always interesting. 
When the physician discussed has been responsible for an improvement in 
the treatment of the sick, such as surgical joint fusion, his story becomes 

P^l^®joian and layman will find inspiration in this small biography 
i i' yoll-knoivn pioneer in orthopedic surgery at Columbia, 
for he wrought both finely and well. G. W. 


Personal CoMMumTY Health. By Clair Elsmebe Turner, M.A., 

StihitP S ^ ^^^® Massachusetts 

ti?ns 1 pis Pp- 680; 130 illustra- 

clVny 1935. The C. T. Moeby 

thSuEh’S4foi°™? “'*“**'« 6'y® oyery indication ot .a 
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BOOK REVIEWS ANT) NOTICES 


Every educated person should know and understand all that this book 
contains, both from the point of view of caring for and developing personal 
health and from that of the good citizen. The chapter on Mental Hygiene 
is to be especially commended. The book is written in a clear, attractive 
style and with an excellent balance of commonsense and appreciation of 
the relative importance of a large body of knowledge. G. R. 


Mechanics of Normal and Pathological Locomotion in Man. By 
Arthur Steindler, M.D., F.A.C.S., Professor of Orthopedic Surgery, 
The State University of Iowa, Iowa City, Iowa. Pp. 424; illustrated. 
Springfield, lU.; Charles C Thomas, 1935. Price, S8.00. 

This text, a rewsed presentation of the author’s lectures, is diidded into 
two parts. 

Part I, “General Mechanics of Locomotion,” covers the history of 
mechanics of the locomotor system, the definition and scope of kinesiology 
and its relationship to allied sciences, the relation of the general laws of 
mechanics to human motion, the center of gravity and methods of deter- 
mination, the physical properties of bone, the dynamics, electrophysical 
analysis and coordination of skeletal muscle action. The last chapter is 
devoted to a discussion on fatigue and recovery. 

Part II deals with “Special Mechanics of Locomotion” as applied to 
the various joints, the spine, the pehds, respiration and abdominal cavity. 
There are three chapters on the human gait covering normal and pathologic 
mechanics. In the last chapter on the rationalization or work in locomo- 
tion is discussed the calculation of external work, energj^ determination 
and optimum efficiency. 

This book is well illustrated with photographs and drawings and contains 
a wealth of material on the subject which should be of practical value to 
the practitioner of medicine, teacher of physical education and scientific 
investigation. To realize its full value the book should be studied and not 
merely read. T. 0. 

The Human Foot. Its Evolution, Physiology and Functional Disorders. 
By Dudley J. Morton, Associate Professor of Anatomy, College of 
Physicians and Surgeons, Columbia University. Pp. 244;_ 100 illustra- 
tions. New York: Columbia University Press, 1935. Price, S3.00. 
After reviewng his work on the evolution of the foot and man’s posture, 
the author takes up the normal physiology of the foot and evaluates the 
importance of its various parts. Though far from complete, as the author 
emphasizes in his Preface, it is probably the best monograph in English 
dealing with the anatomy, physiology and pathology of the human foot. 


Apparatus and Technique for Roentgenography of the Chest. By 
Charles Weyl and S. Reid Warren, Jr., Moore School of Electrical 
Engineering, University of Pennsylvania. Pp. 166; illustrated. Spring- 
field, Rl.; Charles C Thomas, 1935. Price, S5.00. 

The authors of this volume state in their preface that in order to obtain 
optimum results in diagnostic roentgenography of the chest, it is essential 
to have a scientific working knowledge of the physical principles underlying 
the theory and practice of roentgenographic technique and practice. They 
have collected such data and knowledge and have presented it in a con- 
densed and attractive form. It is true, they also state, that most roentgen- 
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olorists are forced by circumstances to spend so much of their time m 
the practice of their profession and in keeping abreast of medical develop- 
ment that it is impossible for them to make a thorough study of wiese 
nrincinles. Up to the present time, all such information has been conhned 
to isolated teclmical papers and brief references in textbwks emphasizing 
primarily the interpretative aspects of roentgenograms. The first chapter 
deals -with a summary of the phenomena associated with the production ot 
chest roentgenograms. The inherent inefficiency of the process and the 
conflicting requirements imposed upon the choice of technique are discussed. 
In the second chapter on roentgenographic apparatus, the portion describ- 
ing in detail the advantages and disadvantages of each type of high voltage 
generator is especially useful to the roentgenologist. The actual roentgen- 
ographic technique, the practical application of the principles previously 
discussed, fills the third chapter. Methods of measurement and standard- 
ization of apparatus and technique are found in the fourth chapter. An 
appendix is added on elemental electrical theorj’^ for those who are not 
currently familiar nith the basic principles involved in roentgenograph}'. 
This book cannot be recommended too highly, not only because it contains 
material not previously published in book form which makes it valuable 
as a text as well as a reference book, but also because the technique is based 
on actual clinical investigations and experience, the result of investigations 
carried on for 10 years by the authors in the laboratories of the Moore 
School of Electrical Engineering, University of Penns3dvania, and in the 
Roentgen ray clinic of the Henry Phipps Institute by Dr. F. Maurice 
McPhedran. It is a book that should be included in the working library 
of every roentgenologist. R. B. 


A Terminology of Operations of the University of Chicago Clinics. 

By Hilger Perry Jenkins, M.D. Pp. 99. Chicago: University of 

Chicago Press, 1935. Price, Sl.OO. 

In the foreword the author expresses the difficulty often encountered in 
looking up operations of a certain type in hospital record rooms. The 
difficulty lies in the varied nomenclature which individual surgeons use for 
the same operation. The monograph was designed primarily to develop 
a terminology which could be used with facility as an operation index in 
any hospital. All synonymous terms liave been grouped together, and the 
subdivision of a main operative term heading has been carried out in certain 
instances according to t^he differences in operative technique. The index 
IS complete and was designed so as to be readily available. The work will 
prove to be very valuable in every hospital which includes surgical services. 

I. R. 


International Clinics. Vol. IV. Forty-fifth Series, December, 1935. 
Edited by Louis Hahman, M.D., Visiting Physician, Johns Hopkins 
Hospital, Baltimore, with 14 Collaborators. Pp. 331: illustrated, also 
ii colored plates. Philadelphia: J.B. Lippincott Company, 1935. 

usual, this number presents a well-distributed subject material by 
well-kno^ medical and surgical authors. All parts of this country are 

from England. The papers on Idiopathic 
Hypocytic Leukemia, each with a colored plate, especially 
JbsmdfH S better is the latter name than the 

SnpSXS Aleukemic Leukemia! Good, old-fashioned clinical acumen 

is^femesented b?wff Observatipn of the Tongue, while therapy 

teriaWaccffies fhift W peripheral arterial disease and bac- 

terial vaccines fbut.for the last. Oh! how pessimistically!). 


E. K. 
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Celsus de Mbdicina. (In 'Two Volumes.) Volume I. With an English 
translation by W. G. Spencer, M.D. (Lond.), F.R.C.S. (Eng.). (The 
Loeb Classical Library.) Pp. 499. Cambridge; Harvard University 
Press, 1935. Price, S2.50. 

Op the 60 odd Latin and almost 100 Greek works that have thus far 
achieved inclusion in this collection, only the 4 volumes of Hippocrates 
and Galen’s “ Natural Faculties ” are medical in nature. Thus this volume 
is the first Latin work to be included in the series. From W. H. S. Jones' 
Introduction we learn, among the few items Icnown about Celsus, that he 
probably lived at Narbonne and that this work was but the second of 6 
of a large treatise covering agriculture, militarj’’ arts, rhetoric, philosophy 
and jurisprudence. Several reasons are given for believing that Celsus 
was not a mere compiler but practised medicine himself. In addition to 
the historical summary in the Proemium and the celebrated cardinal signs 
of inflammation (p. 273), the reader will find much to convince him that 
Celsus had not the mediocre mind that Quintilian mentions. Like Jones’ 
Hippocrates in this series, the handiness of the format promotes perusal 
and the parallel pages of Latin and English invite even the veriest tyro 
of a Latinist to sharpen his faculties on the clear forcible and flowing style 
of the Latin text. E. K. 


The Range of Human Capacities. By Davip Wechsler, Ph.D., Chief 

Psychologist, Psychiatric Diidsion, Bellevue Hospital, New York City. 

Pp. 159; 11 figures and 22 tables. Baltimore : The Williams and Wilkins 

Company, 1935. Price, S2.50. 

The modest dimensions of this book are by no means a measure of its 
inspiration or of the author’s achievements. He attains brevity and 
clearness by a fine hand in the management of his materials and by the 
excellence of his vniting. The first five chapters are a well-written exposi- 
tion of the problem of measurement and range of human capacities. Even 
for those less conversant vdth the intricacies of statistical method, the 
author succeeds in making clear the method of approach and the pitfalls 
of statistical logic. His proposal to establish human values in terms of 
pure numbers is an advance in making inteihgible the study of personality, 
and this method reveals a rather surprising fact, that human capacity as 
expressed as ratios between extremes of ability have “strildngly recurrent 
values which fall roughly with the range of 1.2:1 to 1.5:1; in brief, indicat- 
ing that human variability is relatively limited. The author’s discussion 
of the limitations of analysis, and particularly of the theory of probability 
as related to measurement of human abilities, should invite ivide reading. 
The remaining four chapters will interest the less mathematically minded 
reader because of the novel treatment of exceptions, particularly of defi- 
ciency and genius and because of the author’s developed contention that, 
contrary to the current doctrine, human capacity has a tendency to reach 
its zenith in youth and almost steadily to decline from that point on with 
the advance of age. P- R. 


The Patient and the Weather. Volume I, Part I. The Footprints of 
Asclepius. By William F. Petersen, M.D., Department of Path- 
ology and Bacteriology, University of Illinois College of Medicine, 
Chicago. Pp. 127, lithographed; 94 illustrations. Ann Arbor: Edwards 
Bros., Inc., 1935. Price, 83.75. 

It is proposed that this series shall consist of five or six volumes; their 
release in reverse order— III, II, and the present one— is rather confusing. 
The responsibility of other factors is admitted but the weather environ- 
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ment is regarded as a most important one. ^Complaint is made that we 
Sink too WologicaUy, that we “teach medicine as a science of death. 
And here one recalls what has elsewhere been said : There are no diseases, 

^’IntSporSSSf^’the thesis, the outstanding ^_^ters are; Changing 
Re^lessness of the Winds in America; _ Racial Differentiation; Disease, 
and consideration is here given to endocrine disturbances, anemias, ca^io- 
vascular renal disease, epileps}’’, cancer, syphilis and acute infection, tb s 
most difficult subject is still in the research phase and the author merits 
praise for his diligence and intelligence in assembhng the data m support 
of the argument he is advancing. An abundant bibliography is inclimed, 
but it is a matter for regret that indices are lacking. IS . A . 


NEW BOOKS. 

Injury and Incapacity . With Special Reference to Industrial Insurance. 
By H. Ebuest Gbifpiths, M.S. (Bond.), F.R.C.S., -Surgeon, Albert 
Dock and Hertford County Hospitals; Consulting Surgeon, Wimbledon 
Hospital, etc. Pp. 270. Baltimore; William Wood & Co., 1935; Price, 
S5.00. 

Teoria de Los Neoplasmas, By S. S.'lNtamaria. Pp. 163; 13 illustrations. 

Madrid; J. Pueyo, Imp., 1935. (No price given.) 

Anatomy of the RaL By Eunice Chacb Greene, Vol. 27 of the Transac- 
tions of the American Philosophical Societj^, held at Philadelphia, for 
Promoting Useful Knowledge. Pp. 370;_338 illustrations, partly in color. 
Philadelphia; The American Philosophical Society, 1935. Price, S5.00. 
Cold Spring Harbor Symposia on Quantitative Biology, Vol. III. Pp. 359; 
illustrated. Cold Spring Harbor, Long Island, N. T”.; The Biolo^cal 
Laboratory, 1935. Price, S3.75. 

Bauerndoktor. By Mbnhofers Fbanzbf. Pp. 184. Aliinchen; Verlag 
der Arztlichen Rundschau, 1936. Price, paper, Rm. 2.81; bound, Rm. 
3.60. 

Aics meinen Krankenhldttern. Von der Arbeit eines Landarztes. By Db. 
August Heisleb, Sanatorium Luisenruhe und Kinderweide Konigsfeld 

Sammlung diagnostisch-therapeutischer 
Abhandlungen fiir den Praktischen Arzt. Pp. 68. Miinchen; Verlag 
der Arztlichen Rundschau, 1936. Price, paper, Rm. 1.58; bound, Em. 


NEW EDITIONS. 

Demonstratimg ^ Physical Signs in Clinical Surgery. By Hamilton 
Dailey, F.R.C.S. (Eng.), Surgeon, Royal Northern Hospital, London; 

County Council; Consulting Surgeon, 
Clacton Hospital, etc. Pp. 287; 341 illustrations, many in colors. Fifth 
edibon, revised. Baltimore; William Wood & Co., 1935. Price, $6.50. 

Hunterian Professor, Royal College of 

Ansftomv Th Radiological Demonstrator in Living 

^atomy The University of Birmingham, etc. Pp. 571 ; 340 illustrations^ 
Second edition. Baltimore: William Wood & Co., 1935. Price, $9.00*. 
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STUDIES ON INFLUENZA. 

Pandemic Influenza, Pandemic influenza, the seA’ere, highly con- 
tagious form of influenza, may reasonably be expected to return if we 
may rely upon epidemiological history. This review of progress Avill 
be an outline of what has been accomplisbed towards the solution of 
the many problems of influenza during the last 4 or 5 years, particularly 
those concerning its etiology. Laidlaw lias roughly estimated that in 
the last great pandemic of 1918-1919 500 million persons were attacked 
and 15 million lives were lost. With such a tragic possibility before us 
it may be well to consider whether the medical profession is prepared 
to focus its attention on specific problems demanding specific answers 
or whether it will be again confused in a maelstrom of phenomena 
with its energies scattered and ineffective. The actual difficulties must 
be clearly recognized and the limitations of what may be hoped for 
defined. 

Definition of Influenza. There is no agreement among clinicians as 
to just what is meant by influenza and this constitutes today the great- 
est difficulty in the scientific search for etiological agents. During the 
pandemic it was generall}'’ accepted that we were dealing with a specific 
disease cn masse, although only when statistics are available does the 
individual physician realize that an epidemic is present, and there 
follows a strong tendency to be swept along by a single diagnosis. The 
severity of the respiratory symptoms, the high contagiousness, the 
frequency of a peculiar and often fatal pneumonia associated "with 
cyanosis, the evidence for lack of bodily defense as seen in the common 
occurrence of a leukopenia, the muscular and other aches and pains, 
and the early asthenia so often prolonged into convalescence, all these 
make up the syndrome called influenza. However, the individual cases 
are widely different from each other and from the etiological side this 
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non 
mbma 
same 


is immensely confusing. Many consider that the mild and practically 
-fatal influenza should be differentiated from influenza with pneii- 
L (Giindel, 1933), and that the cases in a pandemic have not the 
etiology as the sporadic or smaller epidemic cases (belter, 1933;. 
Still others find it difficult to separate individual cases of influenza from 
the so-called “cold” diseases (Meyer, 1933). Berger ct al. (1934) regard 
the smaller epidemics as only quantitatively, not qualitatively, differ- 
ent fpom the pandemic of 1918, and that it is the same disease entity, 
the .characteristic leukopenia developing as the disease becomes more 
contagious. Laidlaw believed many sporadic cases of influenza may 
not be of the same character as those of the pandemic outbreaks and 
thought it more honest to diagnose these as P .U.O. (Pyrexia Unknown 
Origin). Even the contagious common cold with fever cannot always 
be sharply separated from influenza and although an exact diagnosis 
would seem to be the crux of the problem in etiologic studies, yet it 
must be recognized that at present this is impossible, and this fact 
must be considered in interpreting the results of e>^erimental work. 
If we accept the familiar 3-day fever to be the same disease as epidemic 
influenza, and this latter the same as the pandemic tjqie of 1890 and 
1918, we certainly have a heterogeneous lot of signs and symptoms of 
different values in diagnoses and probably depending upon a variety 
of etiologic factors. 

Whatever may be the etiologic contagious agent in influenza, there 
is no doubt that it increases in ^drulence and rapidity of spread just 
preceding and during the beginning of an epidemic and then gradually 
grows less and less active until in interepidemic times it is relatively 
innocuous. The epidemiologist demands, before an agent can be 
accepted as of etiologic importance, that the cycle of its existence be 
explained. 

The condition of immunity in the population as a whole is variable 
and the individual with a reduced immunity to any agent may permit 
this agent to begin a process of human passage from pei’son to person 
with, if enough susceptibles are available, a gradual increase in the 
contagiousness and later in the virulence of the agent. This theoretical 
consideration is difficult to study, but some evidence of such an occur- 
rence is desirable in any infectious theory of influenza. 

pi’oof that a particular infectious agent is the primary causative 
mctor in such a disease as influenza is particularly difficult to obtain, 
f mil 1 some of the requirements that such an agent should 

If be shown to be in a fully virulent state when iso- 

lated trom the acute disease and be relatively abundant in the lesions 
ut not necessarily in all the involved tissues; 2, there should be evi- 
dence that the agent readily spreads from person to person; 3, the lesions 
in need in man or animals should closely resemble those found in the 
L and should not be produced' by other agents; 4, the 
S! ^ exhibit toxic qualities so that the evident toxicity of 

or carriers of the agent, not 


should h/ dJ^p virulent form nor in large amounts, 

timp.<?- 6 the nap'll account for its survival during interepidemic 
- - 6, the agent should induce specific serologic changes in those 
01 convalescent from the disease, such antibodies should be 



428 


PROGRESS OF JIEDICAL, SCIENCE 


absent in the susceptible anri present in the resistant, and all grades 
of the disease should be accounted for by the relative balance between 
the virulence of the agent and the immunity in the host; 7, if tlie 
agent is only part of a synergistic combination the characteristics of 
each agent individually must be clearly defined as well as the combined 
effects. 

Bfemophilus Influenzae as a Primary or as an Essential Secondary 
Agent in Epidemic Influenza. There are widely divergent opinions 
on the relationship of H. influenzae to the disease influenza. While the 
evidence for the virus theory has been accumulating, there has been a 
tendency to disregard the newer studies in favor of Pfeiffer’s bacillus. 
So much has been learned about this bacillus since the pandemic of 
1918-1919 that many of the adverse criticisms have not as much 
weight today as they formerly had. There are still many prominent 
bacteriologists who support the etiologic significance of H. influenzaj 
or w^ho realize that the evidence against it must be reconsidered in the 
light of present-day knowledge. I shall, therefore, briefly outline 
certain evidence for and against the etiologic significance of the influenza 
bacillus. 

The finding of influenza bacilli in normal persons or in those suffering 
from diseases other than influenza is perhaps the strongest argument 
against its importance. However, the evidence is not very great that 
H. influenzEe is present as the predominant organism or even in large 
numbers in normal persons. Thompson and Thompson (1935) have 
never found it abundant in the normal. It is well established, however, 
that the hemoglobinophilic bacteria do make up part of tlie so-called 
“normal” flora of man. Furthermore, other bacteria of accepted 
specific pathogenicity are known to be found in normal persons or in 
other diseases. 

Virulence of H. Influenzae. Our knowledge of the virulence of this 
bacterium has grown very slowly and is still far from being complete. 
The early work of Hudson (1922), who used intraperitoneal injections 
in white mice showed that Pfeiffer’s bacillus was often pathogenic .and 
readily invaded the blood stream and that the strains isolated during 
influenza epidemics at military camps were more pathogenic than 
strains from other sources. Cultures mixed with pneumococcus were 
definitely more invasive. Three or four passages through white mice 
did not appreciably increase its virulence. In 1924 he noted that 
freshly isolated strains of H. influenzie were increased in virulence 
when mixed with recently isolated strains of hemolytic streptococci or 
with stock strains of Type I pneumococcus, and he shoAved further 
that the Pfeiffer bacillus if injected first, acted as a sensitizer of the 
host to hemolytic streptococci but that the reverse did not occur. 

More recent work has clearlj" shoAvn that H. influenzaj is a most 
variable microorganism and has established certain criteria for differ- 
entiating typical and atypical forms which were partly distinguished 
on morphologic grounds by earlier workers (Pfeiffer and others), the 
atjTjical being often named para-infiuenzte. This differentiation 
was uncertain and not generally accepted as of significant value until 
Pittman (1931), using non-hemolytic strains specifically requiring the 
X and V factors, diAuded the cultures into Avell defined typical and 
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atvnical types. The typical cultures showed coccobacdlary morphology 
aS capsules yielding a specific polysacchavid, grew m smooth colonies 
and were called tire smooth or S type. The atypical tended to gu-ow m 
longer bacillary up to thread forms, had no capsules and grew in rela- 
tively rough colonies and were considered as 11 forms. The colony 
differentiation required a clear blood medium such as Levmthal agai . 
Kun and Fenyvessy (1932) described similar forms also using non- 
heraolytic strains requiring X and V faetors and believed that the 
Pfeiffer bacillus varied through a series of continuous and rer^ersible 
changes, the particular form encountered depending on the biologic 
conditions of the host at the time. They %vere able to bring about 
changes into all the different forms by experiments on animals. The . 
morphology did not always completely correspond to the colony type. 
The typical coccobacillary form was found in early disease and caused 
death in wliite rats and mice after intraperitoneal injections. The 
atypical occurred later in the disease and never caused death in ani- 
mals. The virulence could be raised by animal passage. Kairies (1932) 
studied particidarly the pathogenicity of H. influenzie in mice and 
believed that the injury after intraperitoneal injection was due to toxin 
and that true pathogenicity was problematic. Mixtures of strepto- 
cocci and Pfeiffer bacilli were more active in causing death in mice than 
was either alone. He advocated the use of Lemnthal a:gar and inocula- 
tion of mice for the isolation of H. influenzie. Dochez, Mills and 
Kneeland (1932) found in chimpanzees wliich developed common colds 
after inoculation with a virus preparation, that the H. influenzaj. in 
their respiratory tract was transformed from the non-specific R form 
to the specific S form, and that a reversal followed the return to health. 

Pittman (1933) produced in a horse a type specific antiserum with 
Type B bacteria (a fprm often occurring in meningitis cases) which 
prevented the blood stream invasion of H. influenzEe after intraperi- 
toneal injection of mice and rabbits but did not affect the toxicity. 
Pfausnitz (1933) suggested that strains of low virulence are raised in 
virulence by groiving in the respiratory tract of sensitive persons. 
Kiihn (1934) stressed the evidence that H. influenzie is pathogenic in 
inflammatory and purulent lesions quite independent of influenza. 
Hoy^ (1934)^ followed the incidence of the typical and atypical strains 
in 17 persons from September to March with fortnightly cultures 
unless evidence of infection occurred when more frequent cultures 
were made. He used mouse inoculation, heated blood agar, blood broth, 
penicillin agar (Mth which Fleming and MacLean (1930) had success- 
ully cultured H. influenzae of varying morphology from all of 36 normal 
persons), and determined the X and V factor requirements of all 
strains and their ability to produce indol. The typical or S cultures 
corresponding to those described above, Were isolated by the mouse 
mjhod almost always, invading the blood in 70% in mixed cultures, 
u only in 30% when pure. They were practically never found in 

coincided very closely or preceded the . 
onset of a coryza. Of the 32 fully virulent strains 26 were from those 
coryza, influenza or sore throat and 4 mth chronic catarrh, 
o ers were apparently from temporary carriers. A number of 
le acute coryza attacks were associated with 
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cocci. Capsules could not be deinonstrated on their virulent strains of 
H. influenzfE. The atypical or R cultures were never isolated the 
mouse method; even when numerous colonies appeared on the penicillin 
agar, they were all non-pathogenic for mice, c., did not invade the 
blood stream, although toxic deaths occurred in some and they were 
the only forms isolated in the disease-free month of September. Isa- 
bolinski and Stratanowitsch (1934-35), who ivere former advoeates of 
a diplo-streptococcic etiology for influenza, had the opportunity of 
studying 15 very early cases and isolated H. influenzre from all of these. 
Cultures inoculated into the nose of rabbits produced a purulent dis- 
charge and the serum of these animals after 15 daj^s showed agglutinins, 
and complement-fixing antibodies in 2 of 3 rabbits, while in 1 rabbit 
there were lung lesions. Hoyle (1934)- was able to raise the virulence of 
strains of H. influenzas provided the initial virulence was such that 
0.5 cc. killed a mouse on intraperitoneal injection. He did this by 
intrapleural inoculation in young rabbits and a series of rabbit passages 
until the virulence w^s such that 0.05 cc. killed a mouse. The strain 
could be kept by this technique at full virulence, the morphology was 
of the coccobacillary type, the colonies were watery and intrapleural 
inoculation induced in young rabbits a typical bronchopneumonia 
which he could not produce by similar treatment with pneumococci 
of high or low virulence, hemolytic streptococci or staphylococci. 
However, B. coli of suitable virulence gave a similar result. Although 
Hoyle does not say that the suitable B. coli cultures were indol pro- 
ducers, it is an interesting possibilitj^ since indol is a rather toxic sub- 
stance. In an earlier report Hoyle (1934)^ said that IS of 28 cultures 
of H. influenzas of the typical form ivere indol producers and that all 
the 27 atypical were indol negative. Rosher (1931), in a study of 
strains of H. influenzae, all requiring both X and V factors, found that 
their pathogenicity in the peritoneal cavity of mice was increased if 
the X and V factors were injected along with the bacilli. ■ Of 45 indol 
positive strains, 26% killed mice on ordinary injections and 71% did 
so when reinforced as above. Of 45 indol negative strains none killed 
by ordinary injection and only 6% when reinforced. Huntington 
(1935) studied the forms of H. influenzae in certain diseases of children 
and proposed that the watery fluorescent form be called M or mucoid, 
the ordinary form S or smooth and that R be retained for the rough 
form described by Holster (1931) and Scott (1929). Since the R form 
is onl}" an extreme dissociant obtained after prolonged cultivation on 
media and is not encountered on primary isolations or even in early 
transfers, the reviewer believes it is unwise to do more at present than 
accept the fact that H. influenzre is extremely unstable in its morpho- 
logic and growth forms but that attempts should be made to correlate 
the t^qie forms at the time of isolation vdth the presence or absence of 
animal pathogenicity and of disease processes in the patients. I can, 
therefore, only say that Huntington did not find H. influenzre in the 
nose of children in the absence of respiratory disease, that S(M) strains 
were sometimes obtained on mouse culture only and that his evidence 
does not show a correlation between the occurrence of S(M) forms 
(apparently usually determined on subculture) and the type and 
severit}'' of the disease. Hoyle (1934)-, ndth the strains of H. influenzre 
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of raised and stable ^drulence referred to_ above, attempted to nfect 
rabbits and guinea pigs with intratracheal moculations of 0.5 cc. pleural 
fluid containing the bacilli, and obtained hemorrliagic edema of the 
lungs but could not recover the bacilli from the site of the lesions. In a 
few of the controls inoculated with media, however, lesions were pro- 
duced, some of which were as severe as in those receiving the bacil i. 
A massive dose of 3 to 4 cc. gave a confluent pneumonia and tlie bacilli 
were recovered from the diseased lung. _ The author warned against 
neglecting the traumatic effect of such inoculations and particularly 
stressed the toxic effect. Toxic bacilli can without doubt cause marked 
lesions and the bacilli may be destroyed at the site of the reaction. 

The presence of H. influenzie in the upper respiratory tract of animals 
used for experiments is important. Dochez, Shibley and Mills (1930) 
found Pfeiffer bacillus in 92% of the tliroat cultures and 13% of the 
nasal cultures of normal apes as contrasted Avith 47% and 0% from 
normal man. They also reported the occurrence in a chimpanzee of 
a spontaneous cold apparently contracted from the keeper Avhich Avas 
folloAA'ed by a fatal bronchopneumonia from Avhich hemolytic strepto- 
cocci, Pfeiffer bacillus and other bacteria Avere recovered. These find- 
ings, together Avith the later report of 1932, already referred to, shoAving 
the transformation of R to S forms during the course of a common cold, 
suggests the great difficulty in the interpretation of results after experi- 
mental injections under such circumstances. Kairies (1934) described 
a sporadic influenza epizootic among fitchets with the recovery from 
them of H. influenzie. With material from the lungs of one of these 
animals a ferret (with throat cultures negative for H. influenzte for a 
Aveek) Avas inoculated in nose, throat and eye and developed a disease 
Avith conjunctivitis, catarrh and the diphasic temperature changes 
described for the virus disease by Smith, Andrewes and LaidlaAV (1933). 
H. influenzse Avas repeatedly isolated from this animal. A contact . 
ferret previously free from H. influenzae., gaVe positive throat cultures 
after 3 days and became ill in 6 days. Two fitchets n^iich remained 
alive became bacillus carriers. The animal caretaker Avas a carrier 
since 1918 and his 10-year-old son Ai'ith chronic pharjmgeal catarrh 
yielded cultures of H. influenzse. A student Avorking Avitli. the fitchets 
also developed influenza apparently from them, but before the bac- 
teriologic study had started. Kairies also produced the disease in 
ferrets by repeated spraying AAUth the sputum of a carrier and by a 
single spraying AAuth the sputum of an acute sporadic case of influenza, 
in 1935, Kairies reported an outbreak of sporadic cases of influenza in 
ferrets Avhich occurred in the Avinters of 1933-34 and 1934-36 Avith 
symptoms like the Auriis disease and H. influenzm Avas present in all 
tie diseased animals. The spread of the bacilli from symptomless 
earners to other ferrets Ai'as also sIioaati to occur. He described certain 
difterences betiA^een the bacillus of ferrets Avhich he named Bacterium 
mtluenziE putonorum multiforme, and the human strains of Pfeiffer 
bacillus based on colony and agglutination studies and the marked 
pleomorplnsm of the former, but it Aimuld seem that similar differences 
can be found among strains of human origin. The H. influenza; of 
KZLza under the discussion of the virus of sAvihe 
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In 1934 Shope used ether anesthesia primarily to suppress the sneeze 
reflex of his ferrets before intranasal inoculation with swine influenza 
virus and thus produced a disease more severe clinically and more 
extensive pathologically than had been previously obtained by those 
not using an anesthetic. As a result of this, light ether anesthesia has 
become more or less generally used for all nasal instillations of ferrets, 
white mice and other animals, and this has opened up a new technique 
widely applicable to the study of infections of the respiratory tract, 
especially for the experimental production of pneumonia. I will here 
consider the use of ether in the study of bacterial infections, but should 
point out that very little has been done to determine the exact mode 
of action of the ether. Neufeld and Kuhn (1935) applied the method 
in their experiments with pneumococci in white mice and obtained a 
disease picture entirely different from any previously obtained by 
other methods designed to reduce the resistance before intranasal 
instillation. This disease picture was much closer to human pulmonary 
inflammation than any previously obtained. They also showed that 
ether markedly increased the virulent action of other microorganisms 
as well as the production of pneumonia after intranasal inoculation, but 
with direct injections into the lung the ether had not so evident an 
effect. In tests on guinea pigs infected with pneumococcus the ether 
gave no such result. They showed by the use of India ink instilled 
into the nose of anesthetized mice and guinea pigs that in the mice the 
India ink spreads rapidly into the bronchi and appeared to act like a 
bloodless intratracheal injection, but in the guinea pig this intensive 
pulmonary infiltration failed and only small black foci appeared at the 
lung hilus. This is not the only factor, however, since intrapulmonary 
injections without ether do not give the same picture or' results. In a 
later study Neufeld and Collier (1935) used this technique for producing 
pneumonia in mice in a study of various therapeutic preparations. 
Hoyle (1935) tried to repeat the virus work of Andrewes, Laidlaw and 
Smith (1934), who had confirmed Shope’s results with ether, but he • 
did not agree that the lung lesions induced by the virus in mice were 
specific. He considered them examples of aspiration pneumonia and 
was able to produce similar lesions, although more severe, by using 
pathogenic bacteria and ether anesthesia. Among the bacteria thus 
successfully used was H. influenzte which, when fully virulent, killed 
21 out of 30 mice, but when less virulent did not kill any of 12 inoculated 
mice. Filtrates from the lungs of such mice did not carry on the dis- 
ease, so that he did not suggest that a virus can be so obtained. 

There is needed, in order to explain many of the results with this 
new technique, a thorough comparative study of the finer anatomy 
and physiology of the respiratory tract of mice, ferrets, swine, man and 
other animals. The differences in the patterns of ciliary movements 
in man and monkey on the one hand and the mouse, rat and other 
animals on the other are described by Lucas and Douglas; but it is 
only suggestive of the problem before us. St. Clair Thomson’s (1935) 
lecture on “The Defences of the Air Passages” is well worth reading in 
this connection. 

Just a word may be added about the serologic evidence in favor of 
H. influenzm. The numerous heterogeneous 13^)68 as indicated by the 
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results of agglutination tests are no longer significant because of the 
antigenic variability of H. influenzae. Gundel (1934) considered the 
agglutination test unsuitable to indicate the state of immunity in man 
and advocated the complement-fixation test,_ great importance being 
given to having the proper antigen prepared m the same way as that 
used in pertussis (Gundel and Schulter)-. Pittman and 'Goodner (1935) 
prepared antisera against well studied strains of H. influenzie in the 
horse and the rabbit. Both these sera gave good results by agglutina- 
tion (of the type specific strains) and precipitin reaction (with the 
type specific polj'saccharid) . The complement-fixation test gave posi- 
tive results with the rabbit antiserum but negative results with the 
horse antiserum when the polysaccharid was used as the antigen. 
However, if bacilli (either R or S) are used as antigen, then the rabbit 
serum gave a complement fixation with all strains of Type B tested 
and the horse serum was positive with all but one strain. Both antisera 
contained both rough and smooth antibodies; but if the capsule were 
well developed as in the above negative strain, they believed the rough 
antigen was covered and the horse serum failing to fix complement udth 
the polysaccharid could not reach the rough antigen, and the result 
was negative. The fact that one strain had a more stable capsule than 
the others is of interest in considering its possible effect on vdrulence. 

If another pandemic of influenza should occur, it would be advisable 
in order to have the necessary facts in favor of or against the Pfeiffer 
bacillus to determine the following: 1, The presence of H. influenzie 
of the non-hemolytic type and requiring both the X and V factors, in 
various stages in the onset and course of the disease, and if possible 
preceding the onset. To do so cultures should be obtained particularly 
from the nose, throat, sputum, and in pneumonia possibly by puncture 
from the lung. The technique must include a clear blood agar such 
as Levinthal agar, and the direct injection of mice in order to determine 
the form of the bacillus at the time of isolation both as to tjqie of 
colony, morphology of the bacilli and the relative ease of emulsifying 
in broth or saline; 2, the pathogenicity of strains by intraperitoneal 
injection of mice with the primary mixed material as well as with pure 
cultures and^ with mixtures of H. influenzte and the other bacteria 
present. This would include lethal -power, invasion of the blood and 
survival of the bacilli in the peritoneal cavity; 3, indol production by 
the strains isolated which can be done from fluid media or by the 
oxalic acid paper technique over a blood agar slant; 4, the complement- 
fixing antibodies in the patient’s serum using suitable strains of H. 
influenzEE to^ identify serologic antibodies against both the type specific 
polysaccharid^ of the smooth form or the species specific substances of 
the ‘‘capsule” free form. Agglutination tests may also be useful in 
certain cases and the facts concerning them should be increased; 5, the 
relationship of these results to the simultaneous demonstration of a 
vurus-hke substance in the filtrates of the patient’s secretions. 

A Filterable Virus in the Etiology of Influenza. Since most recent 
writers have reviewed the earlier work which suggested that a filterable 
virus might be a significant agent in influenza, I need not do so. Dochez 
and his associates studied filtrates from persons either with the common 
cold or witli influenza and used a long series of human volunteers and 
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a few chimpanzees as experimental animals. iSIany of the responses 
to the intranasal inoculation with supposedly influenza virus closely 
resembled common cold of varjdng severity. Cultures of these filtrates 
in embryonic tissue gave similar results, but all these painstaking 
experiments lacked in decisiveness, perhaps because man is a most 
unsatisfactory animal to control. 

The ^^^us theory was re\n\'ified in 1931 wdth the brilliant series of 
articles by Shope on the etiology of sivine influenza — "brilliant” being 
the word applied to this work in nearly every discussion on influenza 
since. The story of svnne influenza has become well known. Briefly, 
it is that a disease appeared in 1918 among the swine in eastern Iowa 
which had so many points of resemblance to the pandemic of human 
influenza that Dr. J. S. Koen named it swine influenza, 'i^flien the dis- 
ease breaks out all the swine in the herd become infected in the early 
autumn and early winter epizootics, but the mortality is only about 
1% to 4%. Shope first showed that the disease could be transmitted 
by intranasal inoculation of materials from the respiratory tract of 
sick swine to healthy swnne at Princeton, far distant from the locality 
in which seasonal epizootics have continued to appear, there being 
no immune swine and no such disease at or about Princeton. He next 
proved that H. influenza;, always present in the sick animals, did not 
by itself induce the disease when freshly isolated and presumably fully 
Airulent cultures were used. He then tested filtrates of the contagious 
materials and found that bacterial-free filtrates produced a mild dis- 
ease in swine, which he called the filtrate disease, but which had not 
many of the important characteristics of the epizootic disease itself. 
The typical epizootic disease, however, regularly followed the combined 
inoculation of both filtrate and bacilli. In 1932 Shope showed not only 
that immunity was conferred to swine by the natural disease and by a 
single intramuscular injection of the virus— the virus having shown no 
other demonstrable effect by any other route than the respiratory 
tract — but also that the bacillus itself produced no immunity. Kobe, 
in 1933, reported finding a similar ^^rus from a disease of suckling pigs 
on the island of Reims in Germany which was quite different from the 
swine pest \irus, was spread by contact, required the presence of H. 
influenzfe to produce the full pneumonic disease and, although it only 
occurred in young pigs, was probably identical with the virus of Shope. 
In 1934 Shope’s important studies on contagion were reported, in w^hich 
he showed that three types of infection could occur. 1, Full contagious- 
ness in which both 'sirus and bacillus were transferred by pen contact 
from the sick to the well; 2, partial contagiousness in which only the 
^i^us was transferred and resulted in the mild filtrate disease; 3, the 
establishment of carriers of H. influenzie by the disappearance of the 
\irus. In these last txvo types either the transfer of the bacilli or the 
virus brought back the full contagiousness of the complex. Following 
the report of Smith, Andrewes and Laidlaw (1933) on a disease in ferrets 
induced by filtrates from cases of human influenza, Shope, in 1934, 
anesthetized ferrets with ether before inoculation and w'as able to 
produce a more severe pulmonary disease in these animals with the 
swine virus alone, the bacteria not being an essential component. He 
thought that the effects of the ether were to favor the establishment of 
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the virus, to permit the giving of a larger dose because of the inhibition 
of the sneeze reflex and to make possible a deeper introduction ot the 
virus. Although he believed that the method ot the English workers 
came closer to the natural infection, nevertheless tlie fact that the 
disease produced by the use of ether was more definite, constant and 
easily recognized made it of value in such _ experiments. _ 

Shope confirmed the results of Andrewes, Laidlaw and Smith (lJo4; 
and Francis (1934) concerning the transfer of the swine virus to white 
mice from infected ferrets, and was able to infect mice directly without 
ferret passage with one of two strains of the field virus of swine influenza, 
while with the other 2 or 3 mouse passages were needed. In the mouse 
disease he found no evidence that any significant role was played by 
the bacteria, fatal pneumonias being produced by pure mrus infections. 
After mouse passage the virus remained equally infective for either 
swine or ferrets, that is, it was a stable virus. The mouse is, therefore, 
a useful animal for studying the pure virus disease. Most of the_ com- 
parative work on the human and swine influenza viruses indicates 
that they are closely related if not identical, the swine virus, however, 
seeming to be both more stable and more virulent. 

The, new exciting investigation of human influenza virus began with 
the preliminary report of Smith, Andrewes and Laidlaw in 1933. 
These workers, stimulated by the Avork of Shope and the success of 
Dunkin and Laidlaw (1926) in discovering the virus of dog distemper 
by ferret inoculation, used this animal for the study of filtrates from 
the throat washings of human influenza patients. Intranasal inocula- 
tion was followed after about 48 hours by a non-fatal inflammatory 
disease of the respiratory tract Avith a diphasic tjpe of temperature 
response. They Avere able to carry on the disease pictui’e by inoculating 
preparations of the turbinates of the ill ferrets into the nose of neAV 
animals. The actiA^e substance AA^as only recovered from the respira- 
tory tract, neither lymph glands, spleen or blood being ever infectiA^e 
and the respiratory Avas the only route by Avhich the typical response 
could be obtained. Contact spread of the disease from ill to well ferrets 
was mentioned as having frequently occurred but no details of this 
significaiit- observation were given. The ferrets after recovery from the 
febrile disease were found to be resistant and the virus AAdien mixed 
Avith their serums and inoculated into the nose of susceptible animals 
no longer induced the typical reaction. Normal ferret serum AAvas said 
to have had no effect but the number of these tested AA^as.not given. 
Human sera Avere variable but usually neutralized the virus ; for example, 
10 human sera of persons recoA^ered from influenza at first neutralized, 
but on retesting 2 of these failed; 3 sera from cases Avith no history of 
influenza failed in 2 instances and Avas able in 1 to neutralize the Aurus. 
The materials studied were the nasophar^mgeal washings, often but 
not always filtered, from: 8 cases diagnosed as influenza, the reaction 
m ferrets being produced by 5 of these (62.5%); 4 cases without influ- 
enza (2 of these being recovered cases from Avhom the two viruses W. S. 
and L-.W- had been obtained) Avhich AA^ere negatiA'-e in ferrets; and the 
nasal discharge of a man with a common cold Avliich was also negative 
Thej' AA^ere also able to induce the typical ferret disease by the SAvine 
mfluen^a vnm obtaned from Shope but found the influeLu bacillus 
did not modifj^ the disease produced in ferrets. 
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Kairies, as previously mentioned, i-eportcd a disease in ferrets of 
the same type as that described by the linglish workei-s whicli was 
transmissible from infected fitchets, occurred as a sporadic outbreak 
in his ferrets and could be transmitted to liealthy animals by spi'aying 
with materials from a human carrier of influenza bacillus and from a 
patient with influenza. In all these influenza bacilli were found and 
were considered etiologically responsible. ICairies (1934) also experi- 
mented with a Shope virus preparation (dried lung substance contain- 
ing a delicate streptococcus) and was successful in inducing this type 
of disease with the virus and influenza bacilli together and with the 
virus (containing streptococci) alone. Similar results were obtained 
with the human influenza virus preparations of dried nasal turbinates 
(obtained from Andrewes) and from which he grew streptococci, some 
ferrets, however, becoming ill after the ^'irus alone but not severely so. 
Glycerinated (Kobe and Shope) virus free from bacteria gave less 
cei'tain results. He laid particular stress on these non-hemoU’tic, 
very small streptococci as of symbiotic importance in assisting the 
influenza bacillus, ha\ing found them in all three preparations of virus' 
and in a number of supposedly pure cultures of influenza bacillus, 
some of them on media for years, and believed it was significant as an 
optimal symbiont for the influenza bacillus. He believed that the 
transfer of human influenza material to ferrets induced in them the 
influenza peculiar to these animals. 

In 1934 Andrewes, Laidlaw and Smith confirmed the results obtained 
by Shope with ether in ferrets and also obtained similar lung lesions 
without ether by direct inoculation into the lung. They further added a 
valuable technical method to the virus study by showing that white 
mice could be infected with these viruses. Swine influenza Hrus, 
after many passages through ferrets and a series of passages through 
mice, at first directly into the lung but later via the nose, became 
adapted to the mouse so that a high percentage became infected after 
nasal instillation. The human virus W. S. (obtained originall^^ from 
the throat of Wilson Smith during an attack of influenza) was similarly 
adapted from the ferret to the mouse. Although ether is not necessary 
to produce the lung lesions these are alwaj's more severe when it is 
used. The culture media used in the bacteriologic control of these 
studies (plain agar, serum agar and blood agar) were not particularly 
suitable to discover the possible presence of influenza bacilli in any of 
these lesions. Filtrates from the hmgs of these mice, however, produced 
the disease in a very high percentage of inoculated mice. 

The mouse thus became a useful animal in the study of these viruses 
and particularly for testing the neutralization of virus preparations by 
antiserum. The technique used for this latter purpose was to mix the 
virus preparations with the serum to be tested and to inoculate the 
mixture intranasally into mice. The controls were practically always 
the \4rus correspondingly diluted with saline. The serum from hyper- 
immunized horses taken before immunization was said to have had no 
effect, but whether it was tested while fresh or months later when the 
other tests were made was not stated, nor are any details given of this 
important test. If all of the serum treated mice had been protected 
against lung lesions and all those untreated had shown such lesions. 
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this absence of adequate controls might not have seemed so significant, 
but until more exact information is available about the mechanisms 
wlrich determine the distribution of materials put m the nasal cavity 
and about the effect of ether on these it may logical y be deduced that 
serum may change the local conditions and favor the p^sage of sue i 
mixtures to the esophagus rather than to the trachea. _ Ihe results ot 
Sabin (1935), in his study of the mechanism of immunity to filterable 
viruses, would indicate that such viruses are not inactivated in miro 
by antisera. He reported that the virus of pseudorabies, which u'as 
equally infective in the guinea pig by either the cerebral or nasal route, 
was apparentlj^ inactivated by a very much smaller amount of antiserum 
if the mixture were sloivlj^ dropped into the nares than if it were injected 
into the brain. Francis and Magill (1935),^ in a study of Rift Valley 
fever virus, reported that when the \arus was mixed with immune serum 
and given by the intraperitoneal route no e^udence of infection was 
observed, but when immune serum and \drus w'as administered by the 
intranasal route there may be- little detectable difference between the 
protective effects of immune and normal serum. Neufeld and Kuhn 
(1935), as previously mentioned, showed that under ether mice permit 
carbon instilled into the nose to be more widely distributed than do 
guinea pigs. 

Francis, in 1934, recovered viruses from the glycerinated sputums of 
3 cases of epidemic influenza sent to New York from Puerto Rico. 
The sputums, washed and emulsified in Locke’s solution, were inocu- 
lated intranasally into anesthetized fprrets and produced the febrile 
ferret disease which, after a series of passages using Berkefeld filtrates 
or unfiltered lung suspensions, resulted in definite lung lesions. Of 
particular interest was the developinent of influenza by one of the 
laboratory workers (S. S.) and the transmission by his bacteria-free 
nasopharyngeal ivashings of a febrile disease to ferrets but without 
pulmonary consolidation. As ivitli the English workers, there were no 
deaths among any of his infected ferrets. He also was able to transmit 
the disease to white mice, certain breeds being particularly sensitive, 
but the lung lesions only developed after passage. 

Hoyle (1935) studied the disease produced in anesthetized white 
mice after intranasal inoculation of certain of these viruses obtained 
from Andrewes as well as with pathogenic bacteria. The results with 
the latter are referred to above. He found that the swine influenza 
virus of Shope, received as desiccated mouse lung, caused lung lesions 
and on passage these as well as the fatalities among the mice markedly 
increased.^ Filtration resulted in a considerable loss in potency, but 
severe lesions from ydiich no bacteria could be grown were produced 
with bacteria-free filtrates. Contact transmission of the disease by 
exposing large numbers of mice to those fatally ill was completely 
negative.^ Control mice given sterile broth and normal mouse lung 
preparations showed no pulmonary lesions. The results with the human 
viruses were less successful. The B. W. virus (desiccated ferret nasal 
mucosa) gave an occasional bacteria-free lung lesion in mice. Chamber- 

^ ^ filtrates produced at first no lesions, but after passage, using 

unfiltered preparations, a rise in virulence occurred simultaneously 
w'lth the appearance of a Gram-negative coccobacillus in the lesions 
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and preparations. These bacilli passed a Seitz filter. Bacteria-free 
filtrates gave either no lesions or very tiny non-transmissible ones. The 
W. S. %drus (desiccated mouse lung containing Gram-negative bacilli) 
gave a variable numlrer of lesions but these all contained small numbers 
of the small coccobacillus, and on passage this bacillus and the lesions 
increased. Bacteria-free Seitz filtrates were negative. A 50% glycerol 
preparation removed the bacteria and this Iracteria-free "virus” pro- 
duced fatal lesions. Ho 5 de attempted to isolate viruses by direct 
inoculation with human material from; 1, 5 cases of contagious acute 
pharyngitis and tracheitis — the unfiltered washings contained Fried- 
lander bacilli resistant to glycerol and no evidence of a virus could 
be obtained; 2, a case of severe sore throat with negative results; 3, a 
case of tj’pical acute coryza, washings from which gave transmissible 
pulmonary lesions with no demonstrable bacteria for several passages, 
and when bacteria did appear they were readily’- removed by glycerol 
without affecting the potency of the preparations. Seitz filtrates were 
verj’’ indefinite. Hoyle believed all these lung lesions induced by virus 
are examples of aspiration pneumonia, as also are those induced by 
bacteria and that these cannot be considered as representing a specific 
illness comparable to human influenza. He also considered the appar- 
ently non-bacterial agent he obtained from coryza as similar to the 
B. W. and W. S. human viruses. He concluded that conditions pos- 
sessing the epidemic features and high infectivity of human influenza 
have not been produced in mice by these viruses nor has it been demon- 
strated that these viruses can be isolated from every case of influenza 
nor that they are absent from other respiratory diseases. 

Francis (1935)^ believed that at least one of the interpandcmic dis- 
eases called influenza is causally related to a filterable virus and can 
be transmitted experimentally to mice and ferrets and that this fact 
will help to differentiate influenza from other respiratory diseases. In 
addition to the virus strains from Puerto Rico he has obtained similar 
viruses from mild epidemics of influenza in New York and Philadelphia 
and from another assistant in the laborator 3 ^ The disease he induced 
in ferrets was at first only the mild diphasic, febrile one, but after a few 
passages lung lesions resulted and the disease was more severe. He 
was unable to transfer the disease directly to mice from man. Francis 
(1935)- further showed that the sera of ferrets, recovered from infection 
after P. R. 5, P. R. 8 and Philadelphia virus reactions, as well as 
Andrewes’ horse serum (prepared with British strains of virus), were 
able to neutralize the effect of both the P. R. 8 and the Philadelphia 
virus when mixed with these viruses and injected into the nose of mice. 
Normal ferret serum, normal horse serum and convalescent swine influ- 
enza serum from Shope (all presumably fresh) had no inhibiting effect 
in that all of these controls developed well marked lung lesions. These 
results are very much more definite than anj”^ others so far reported. 

Laidlaw, Smith, Andrewes and Dunkin, in 1935, gave a detailed 
i-eport of their experiments with three sera from horses immunized 
with the turbinates or lungs of ferrets infected after human or swine 
virus inoculations. There were present in these sera precipitins for 
normal ferret serum, hemolysins for ferret cells and complement fixing 
antibodies with ferret lung emulsions. In all those tests which are 
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recorded in detail the controls were as above only virus m saline, 
although they say the normal sera did not neutralize the vnus. JMjce 
were used, in nearly all the studies because the virus does not spread 
from animal to animal in this species and larger munbeis can be used. 
The W. S. was the human virus used in most of the tests, iliey noted 
that passage virus ultimately leads to lung abscess in some mice mid 
that Gram-negative, bipolar bacilli were sometimes found, ihe virus 
varied considerably in different tests so that often some of the controls 
survived or showed minimal lesions. In the experiments with passive 
immunity by intraperitoneal injection of serum the control animals 
were untreated. The tests were rather irregular but the intrapeiitoneal 
injection of antiserum 24 hours after the nasal inoculation of virus 
seemed to be beneficial. Various fractions of the antiserum, particularly 
pseudoglobulins were tested. They noted that the mice injected with 
large doses of horse serum often became ill at once, that the concen- 
trated pseudoglobulin seemed more toxic and they found this was 
caused by agglutinins for mouse red blood cells in the horse serurh 
there being more of these in the concentrated serum. This tem- 
porary reaction after intraperitoneal injection must be considered 
as affecting the resistance in the respiratory mucosa, perhaps by . 
reflex action, arid may very well be a factor in preA’enting the establish- 
ment of the virus, although the authors considered it an undesirable 
side action of the antiserum. Normal horse serum giidng this same 
reaction should have been, but was not, used in the controls and, 
failing such controls, the results cannot be fully accepted as due to pure 
antibody action. The lesions found in the mice which received serum 
24, 48 and 72 hours after the rrirus and lived are considered as due to 
the effect of the virus before it was neutralized, but no suggestion is 
made that the serum itself may have conti-ibuted to these lesions. 
The results using a large number of mice in each experiment are similar. 

Of 25 mice given virus alone, 5 lived (20%) ; of 24 given virus by nose 
and 24 hours after serum intravenously or intraperitoneally, 16 lived 
(66.6%), and of 25 given serum 48 hours after the virus, 15 lived 
(60%)'. They said that a pseudoglobulin fraction made from normal 
horse serum had no curative effect but they did not say that this serum 
had or had not agglutinins nor what its source was. The authors are 
convinced that certain epidemics of influenza are caused primarily by a 
virus infection. 

^ Smith,^ Andrewes and Laidlaw (1935) experimented on methods for 
immunizing fgrrets and mice. Ferrets after recovery from infection 
were resistant for at least 3 months, after which the immunity slowly 
waned._ In this latter period there remained \drus-neutralizing anti- 
bodies m their serum but the nasal mucosa was still susceptible to virus, 
bubcutaneously injected virus gave these animals once more a full 
resistance. They were able to produce a partial immunity in ferrets 
by subcutaneous injections of living or formolized virus so that anti- 
bodies appeared in the blood and after intranasal inoculation of virus 
the lungs were not affected. Ferrets developed lung lesions when 
swine influenza virus was given in the nose rvith, and often without, 

W^but W T ™ at 

nrst, but . b. was modified by serial passage using ether until it also 
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did. In all these experiments the controls were untreated liefore the 
test and in the titration for neutralizing antibodies the controls were 
given virus in saline. iMice immunized by twr) fortnightly subcutaneous 
or intraperitoneal living virus injections and tested S days after the 
last, showed no symptoms, but 7 of 12 hatl lung lesions and in 5 of these 
the lesions were of the same e.xtent as in 2 of 6 controls. The controls 
received no previous treatment and were all ill after the test virus inocu- 
lation. In a larger group after subcutaneous vaccinations and tested 
in 10 days only 2 of 24 showed a small lung lesion, after two similar 
vaccinations and tested 23 days later 5 of 20 gave slight to moderately 
severe lesions while of 24 controls with no previous treatment 9 gave 
similar lesions, 10 none and o severe fatal lesions. The evidence in 
this report for the differences betiveen the swine and the human virus 
is based on incomplete neutralization by heterologous sera. Eleven 
human convalescent, G of 8 normal, and 5 of 6 human placental serums 
neutralized the W. S. virus and 2 human convalescent and 1 normal 
serum neutralized the swine virus while 1 human placental serum did 
not. They hope that a vaccine applicable to humans may be developed. 

Francis and Magill (1935)- gave a warning that it is necessary to 
quarantine newly bought ferrets for 2 to 4 weeks, since some of them 
develop purulent rhinitis and may carry hemolytic streptococci or Gram- 
negative bacilli. These workers found one shipment of ferrets resistant 
to experimental idrus infection, another lot susceptible and a third on 
arrival exhibited nasal discharge — all these animals coming from the 
same breeder. Some of this latter group were also resistant to active 
idrus and the idrus after inoculation could not be recoi’ered from them, 
while with others a moderate fever and other symptoms lasting 3 to 
4 daj's followed inoculation, but again the ^d^us could not be transmitted 
by inoculation of lung or. turbinate suspensions into susceptible ferrets. 
Two of these ferrets whose serum neutralized the virus were given the 
virus per nose with negative results, and the lungs and turbinates of 
one of these failed to give disease to a normal. They assumed that 
these ferrets had become immune in some unkno'si'n way and it is 
unfortunate that no ferret virus was obtained from any of them at 
the time they exhibited a nasal discharge. Of course it is just possible 
that this lot of ferrets was recovering from distemper. (See a later 
discussion.) These workers succeeded in producing serum-neutralizing 
antibodies in rabbits which species is not susceptible to infection. Mice 
were also immunized by subcutaneous, followed by intraperitoneal 
inoculation of living virus in lung tissue, and controls similarly inocu- 
lated with normal lungs developed no such immunity as shown by the 
fact that after intranasal inoculation of virus all the latter showed 
limg lesions, and none of the former. Neutralization tests with the 
serum of patients before and after recovery from influenza, pneumonia 
and the common cold suggested a specific response to infection with the 
wus of influenza only in the case of influenza. In 3 influenza patients 
the sera neutralized the A-irus for mice during con^"alescence and 
6 months later, but not in the acute stage. In 8 pneumonia cases the 
power of the serum varied from complete to almost no neutralization, 
but in only 1 did this increase during convalescence. In 4 cold cases 
the serum before, during and after the affliction remained the same, 
and in 1 it gave complete neutralization in each test. 
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Laidlaw (1935) in his Linacre lecture on Epidemic Influenza ga^ e 
a number of interesting facts. The virus was destroy^ at 56 C. in 
1 hour, and was resistant to drying and storage in 50% glyceiol. it 
was only recoverable from the lungs and upper respiratory^ mucosa 
In animals without ether it was not fatal. Certain streptococci increased 
its severity but H. influenzie did not modify the disease. I here was 
no evidence that in this last observation fully virulent cultures were 
used. He explained the lack of contapousness in mice on the bases 
that the nose was unaffected and sneezing did not occur. (In the epi- 
demiology of influenza, however, sneezing or coughing is not the sole 
explanation of the high contagiousness.) The failure to obtain virus 
from all cases of influenza he believed is due to an insufficient amount 
of virus in the nasopharyngeal wasliings, because the ferret is less 
sensitive than man, or on account of the varied resistance of the human 
population. His final view is that the virus may cause the mild short 
disease and that with the hemoglobinophilic bacilli the sinusitis, puru- 
lent bronchitis and pneumonia follows — if the bacterial factor were 
varied, he said, this would explain much. He suggested that a variant 
of the local virus may be the cause of epidemics. 

Elkeles (1935) was successful in transmitting human influenza to 
suckling pigs, using intranasal inoculation of the virus before and after 
ferret passage. The pathologic picture produced in pigs was the same 
as that described for ferrets by the English workers, but the course of 
the disease was more severe when virus and influenza bacilli were 
used. The influenza bacilli alone had no effect. He advised the use of 
suckling pigs for these virus experiments as being more suitable than 
ferrets since they react more easily. 

Francis and Magill (1935)^ reported the cultivation of the P. R. 8 
strain of human virus aftef 44 passages in white mice. Lung prepara- 
tions in Tyrode’s solution were centrifuged and filtered through a 
Berkefeld V candle and the bacteria-free filtrate seeded into chick 
embryo Tyrode’s medium, and serial transfers made every 48 hours. 
Mice inoculated intranasally with the 10th and up to the 20th sub- 
culture developed pulmonary lesions. Cultures were also passed through 
mice and again cultured from these Avith similar results. A ferret also 
responded typically to an inoculation from the 7th culture. The cul- 
tured virus was inliibited by the sera of ferrets recovered from infections 
wiffi the P. R. 8, the Philadelphia or the new Alkaska strain of virus 
and not by normal ferret serum. The uninoculated medium was 
entirely innocuous for mice. They noted certain alterations in the 
immunologic characteristics of the virus after repeated cultivation 
^?^ mtro and this is to be investigated. 

Noble and Brainard were able to produce symptoms of a mild respira- 
tory disease in 4 of 12 ferrets by inoculation with filtered bacteria-free 
nasal washings from human cold cases and apparently to transmit this 
condition from a ferret to a human being. One attempt to transmit 
it serially from ferret to ferret was unsuccessful. , 

■ n of fho Influenza Virus Studies. 1. The virus of swine 

influenza is contagious by pen contact in sivine. It is not definitely 
in ferrets or mice. 


so 


2 The pure virus disease in swine is relatively mild but the epi- 
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demiologically complete disease follow’s the mixture of virus and 
influenza bacilli. 

f 3. The virus obtained from man also produces the characteristic 
disease in sw’ine under the same conditions as the sw’ine virus. 

4. Human viruses, giving a disease in ferrets and from ferrets in 
mice, have been obtained from various parts of Great Britain and in 
America from Puerto Rico, Philadelphia, New’ York and Alaska. 
Immunologically all these strains act alike. 

5. The pure virus disease in animals is mild and the epidemiological 
evidence that the responsible virus is the causative factor in human 
influenza is incomplete. No clear proof has been given that influenza 
bacilli or other bacteria are involved in the disease in animals but little 
has been done w’ith fully virulent H. influenzce in this phase of the 
problem. 

6. The virus lung lesions w'ithout, but particularly after, the pre- 
ceding use of ether are not accepted as specifically a virus lesion. 

7. The virus disease in ferrets is not specific for virus infection but 
w'ould seem a type of response in the ferret to a number of agents. 

S. The virus has not been obtained from all cases of clinically diag- 
nosed influenza and the arguments that the negative results are due to 
faulty diagnosis, to scarcity of the virus, or to varying resistance applies 
equally well to the influenza bacillus theory. There can be no doubt 
that a variety of influenza-like diseases has a variety of etiologic agents 
and the problem is primarily w’hether or not pandemic influenza has a 
constant etiology. 

9. Viruses with very similar characters have been obtained from 
other diseases such as the common cold. These might be, of course, 
less virulent strains of a common virus. This is the only evidence that 
a possible reservoir for the virus in interepidemic times has been found, 
and is obr’iously rather w'eak. There is no method today available for 
discovering viruses in non-virulent form. 

10. The investigators w’ho have used the immunologic evidence as 
favoring the virus theory have not sufficiently analyzed : the anatomic 
and physiologic background in the intranasal neutralization experi- 
ments and in the passive immrmity tests; or the reflex effects of extra- 
respiratory injections; or the possible^ sensitizations and the effects of 
protein or foreign serum shock; nor have most of the controls been 
satisfactory. 

11. No adequate evidence to account for the toxicity of clinical 
influenza has been suggested. 

Nevertheless, most valuable data are now’ available from these virus 
studies of influenza bearing on the resistance of recovered animals and 
the presence of neutralizing antibodies in relation to this and to recovery 
in man, so that the wrus theory is certainly gaining groimd and may 
serve at least to differentiate certain respiratory diseases ffora others. 
Very few’ other epidemics have been adequately explained even w’hen 
the etiologic factors are know’n so that w'e must not demand too much 
at this early stage of the virus investigation of influenza. 

Other Virus Diseases of the Respiratory Tract. Distemper. The 
use of ferrets for the isolation, and identification of the virus of dog 
distemper by Dunkin and Laidlaw’, the natural susceptibility of these 
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animals to distemper and their predominant _nse m tlie -study of the 
human influenza ^drus make it advisable briefly to refer to certain 
reports bearing on a possible relationship between the two viruses. 
Distemper is usually a respiratory disease and has many clinical and 
epidemiologic resemblances to influenza. Bemelmans (1932) considered 
these two diseases as well as pleuropneumonia of horses as practically 
identical, largely, it is true, on theoretic and philosophic grounds, ilie 
virus, however, produces the disease in animalp after subcutaneous and 
other routes of injection, and in infected animals the virus is found 
widely distributed in the blood and other tissues. , 

Nicolle (1931) inoculated subcutaneously a man, a monkey and a 
.young dog with defibrinated blood of a dog ill after inoculation with 
distemper virus. The dog developed the typical febrile disease on the 
fourth day. On the sixth day blood taken from the man and the 
monkey (neither having shown any symptoms) was injected intra- 
peritoneally into two dogs under isolation. The dog which received 
the blood from the man developed the disease and its blood was infec- 
tive for tAvo other dogs. The dog receiA'ing the monkey’s blood remained 
AA'^ell. Nicolle concluded from this eAudence that man can be infected 
Avith this Aurus but without shoAAung any symptoms, and that under 
certain circumstances he can play the role of a Aurus carrier particularly 
dangerous, perhaps, because unrecognized. The philosophic conclusion 
he drew from these observations Avas that dog distemper had been a 
primitive disease of man effaced little by little from human pathology 
as a result of the hereditary immunity folloAving repeated attacks, but 
that the disease is relatively new in the dog and attacks it Avith sei^erity. 
It is unfortunate that nasopharyngeal Avashings were not tested for the 
virus in this experiment. On the basis of this report Remlinger (1933) 
suggested that sporadic distemper in dogs may be derived from human 
carriers and that the blood of man, probably containing antibodies, 
might be used to treat infected dogs. I have not found any eA'idence 
that such has been tried. Norr (1935), in a stud 5 '' o^ influenza-like 
diseases of animals, referred particularly to distemper AAdiich attacks 
dogs, cats, ferrets, monkeys and other animals. He said there had 
been a steady increase in Munich since 1934 of the nenmus form of 
dog distemper— the most dangerous form of the disease — and consid- 
ered the possibility that such an increased virulence might be related 
to outbreaks of human epidemic influenza. Both diseases are readily 
transferable to ferrets. He suggested that the serum of dogs recoAmred 
from distemper be tried in seA^ere cases of human influenza and in any 
case that correlated facts be collected bearing on the periodic coinci- 
dences of these diseases in man and animals. Eichborn and Pyle (1934) 
partly confirmed the results of Smith, AndreAves and LaidlaAv, using a 
Am-us bmught back from England which, on passage through ferrets, 
lost its mfectiA'ity for ferrets. All the ferrets recoA^ering from the Aurus 
disease AA'ere not immune. A neAv supply of virus remained active 
and had been passed through a series of 30 ferrets. Two ferrets V'ere 
inoculated at each passage and one Avas alloAved to recover so that many 
recovered ferrets were available. EleA'^en of these latter Avere used for 
testing, by injection, a canine distemper Aurus and they Avere surprised 
to note that there was a delay in the onset of the disease from the usual 
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incubation period of 9 to 10 days to one of 13 to 17 days and 2 ferrets 
were apparently fully immune. A second series of 11 ferrets were 
given influenza virus by nose, and after recovery were injected with a 
known fatal dose of canine distemper virus. Four were completely 
immune, 4 others showed questionable immunity and death was delayed 
in all the others. Further studies by these authors on this suggestive 
problem are promised but I have not seen any later report. Schaaf 
(1935) also found that a previous infection of the ferret with the virus 
of human influenza increased the resistance of this animal to the virus 
of dog distemper in that the disease was less acute and death occurred 
verj'- much later than in the controls. Smith, Andrewes and Laidlaw 
(1933) emphasized the importance of quarantining all ferrets for 14 days 
to prevent a latent distemper from givdng rise to serious confusion and, 
in 1935, they had one of their experiments ruined by an outbreak of 
distemper in their ferrets. It would be interesting to know whether 
or not the spontaneously immune ferrets which Francis and Magill 
(1935)“ encountered were recovering from distemper. 

Other Viruses. It is scarcely necessary to do more than mention 
the lung lesions of other virus diseases. Psittacosis is well known with 
its lobular confluent pneumonia and clinical resemblance to influenza. 
The similarity of smallpox vaccine virus pneumonia in rabbits (Mucken- 
fuss, McCordock and Harter) to epidemic influenza and interstitial 
bronchopneumonia in man has been described by McCordock and 
Muckenfuss. Thej’’ produced two types— a hemorrhagic after concen- 
trated, and an interstitial bronchopneumonia after dilute virus — and 
they discussed the resemblances of the former to the findings in acutely 
fatal cases of epidemic influenza and of the latter to the lesions accom- 
panying influenza, measles and whooping cough in man, and in some 
cases of distemper in dogs. The latter tjq)e was only reproducible 
when bacteria were also injected with the virus, but they did not con- 
sider this lesion in any way specific for a particular virus or bacterium. 
Francis (1935)^ referred to the confusion between certain cases of yellow 
fever and influenza. Francis and Magill (1935)' reported 3 cases of 
laboratory infection with the virus of Rift Valley fever in all of which 
a clinical diagnosis of influenza had been made. The disease was differ- 
entiated by: the demonstration of the virus recovered by intranasal 
inoculation of ferrets ; the fact that it Avas found, and produced lesions, 
in other tissues than those of the respiratory tract, and further by the 
serum neutralization tests in mice. 

General Discussion. The A’irus of influenza does not form inclusion 
bodies, nor does it produce as lasting an immunity as most other virus 
diseases. Until AA’e knoAv a great deal more about the nature of these 
disease producing agents our attitude toAvards the eAudence should be 
extremely critical, and only the most carefully designed and controlled 
experiments should be accepted. It is a time for collecting facts not 
for drawing conclusions. A filterable virus as Hyde conceived it (1935) 
is an agent of particulate nature, of ultramicroscopic dimensions, it 
passes filters that retain vegetatiA'e forms of parasitic life, can be passed 
in series on sensitiA'e hosts, produces characteristic inclusion bodies, 
cannot be cultured on lifeless media and Avould be unknoAvn AA'ere it 
not for the changes produced in the body of animals and plants. The 
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limits of variation of Anruses in different hosts and the modifications 
which result from differences in virulence are largely unknown nor do 
we know if they exist in a quite avirulent and therefore undetectable 
form in carriers, nor whether these can be brought into activity by 

' predisposing conditions. , . p • x- i • 

The evidence for the three suggestive theories for the primary etiologic 
agents in influenza— bacteria, wus and virus plus bacteria— is here 
presented, and it is lioped that xuany of the unsolved phases of the 
problem will be more adequately dealt with in the event of another 
pandemic. The ideal method would be to have equally enthusiastic 
investigators of the different views study the same cases independentlj^ 
since there are many hiatuses to be filled before the etiology of influenza 
can be established. W. L. Holaian, M.D. 
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mPORTANCE OF IMMUNIZATION IN PREVENTIVE 
MEDICINE.* 

The Common Communicable Diseases. — The field covered by the 
title above is one in which much has been accomplished and much is 
hoped for, but in which there have been many disappointments. It is a 
remarkable fact that smallpox vaccination, the first of the immunologi- 
cal procedures developed, should also have been the most successful, 
although it was applied long before immunology in its modern implica- 
tions was kno'ftTi. It is also remarkable that immunizations against 
rabies, diphtheria, and tetanus were among the very earliest develop- 
ments in the field of immunity and these, in a general ivay, are highly 
successful measures. The success attending these early applications of 
immimity in preventive medicine may account for the almost childlike 
faith wnth which many of the later developments have been welcomed, 
faith that often was converted into disillusionment on the basis of 
further observation. In considering the application of immunological 
procedures from the public health point of view, it is necessary to take 
into account factors other than the essential effectiveness of the proced- 

* This material covers the substance of several addresses to medical groups. It 
has not been arranged with the customary references, which, however, can be sup- 
plied by the author on request. 
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ure It would be foolish to attempt to immunize the entire population 
against whooping cough which practically is important only m the 
early years of life, or to immunize infants against typhoid fever since 
this is chiefly a disease of older age groups. This illustrates the impor- 
tance of the age factor in planning an immunization campaign. ^ Again, 
the disease may he one of so low an incidence in the comniunity that 
it would be inadvisable to apply serum or vaccine prophylaxis generally. 
Obviously, it would be inexpedient to attempt^ general vaccination 
against rabies even if ive had the means of doing this that were perfect— 
hence we vaccinate only those who have been definitel}'" exposed. Fi- 
nally, in this connection, Ave must remember that substantially^ all 
immunization procedures have certain risks associated with them, risks 
that must be carefully weighed lest we incur hazards in excess of those 
we seek to avoid. With these preliminary considerations in mind we 
may now turn to an appraisal of the status of certain procedures in 
the light of experience up to the present time. The various diseases 
will be considered somewhat in the order in which immunization pro- 
cedures for them have been developed. No reference will be made to 
therapeutic application of immunological procedures. 


Smallpox.— The question often is asked as to the duration of smallpox 
immunity. It has been a controversial point since the days of Jenner. 
A safe rule would require vaccination before a child had reached the 
age of 6 months, again before the age of 6 years, and thereafter only in 
the presence of an epidemic or when there is a tlireat of exposure. 
There are certain complications folloAving smallpox vaccination that 
have attracted much attention during the last, two or three decades. 
These complications were relatively unimportant as causes of disability 
and death but were taken as a ground or criticism on the part of anti- 
vaccinationists. 


Postvaccinal Tetanus.— This, now very rare, was at one time suffi- 
ciently prevalent to be taken into consideration by all concerned with 
vaccination. The som’ce of the infection, even after much investiga- 
tion, still remains unknown. The disease was of marked severity, the 
death rate being 90% or even more. The incubation period, counting 
from the time of the insertion of the vaccine virus, was rather long, 
usually about 3 weeks. In a careful investigation by Dr. Armstrong 
of the United States Public Health Service, it was demonstrated that 
postvaccinal tetanus was found only when a dressing or shield was 
applied to the site of vaccination, although, of course, not all such 
applications were followed by tetanus. So, to prevent this complica- 
tion, avoid dressings. 


Postvaccinal Encephalitis. — The etiology of this is unknown. Per- 
haps the most plausible view regards it as virus infection remaining 
silent in the community and in the individual until something happens 
to activate It, the “something” being an infectious disease, in this case 
vaccinia. The symptoms usually come on from 7 to 14 days after the 
insertion ot the vaccine virus, and essentially they are fever headaohp 
vomiting and other symptoms directly referable to the ceSml nerimus 
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system. The condition often is overlooked as it is easily mistaken for 
other acute nervous system infections, especially poliomyelitis or men- 
ingitis. This complication is extraordinarily rare in children under 2 
years, hence the best safeguard is to vaccinate as early in life as possible. 
In some countries this complication has been so prevalent that local 
action has been taken permitting the restriction of vaccination. 


Septic Infections. — Much less is known about these than about the 
preceding complications, but employees’ compensation and other sta- 
tistics attest their existence. Within recent years certain new methods 
for the propagation of vaccine virus have been introduced. While the 
calf vaccine which has given long and efficient service still remains the 
most popular agent, artificially cultivated vaccine \'irus ivhich is prop- 
agated in the chick embryo tissue or the living chick embryo is being 
tried. It is too early to make a definite appraisal of the value of this 
tjTie of vaccine ^^rus. 


Tji)hoid Fever. — Most of the information as to the efficiency of 
typhoid vaccine comes from military experience where the “evidence 
indicates that it has proven extremely satisfactory. However, the 
experience in civil communities has been less satisfactory — so much 
so that a few years ago the American Public Health Association ap- 
pointed a committee to study the whole subject of typhoid vaccination. 
^^Tien this report is completed and made public doubtless we shall hai'e 
better information on the subject. 

There have been modifications in the dosage of the tjT)hoid bacillus 
and in the components of the vaccine as to the paratj^jlioids. It 
scarcely can be said that any one preparation is to be regarded as stand- 
ard. That there has been dissatisfaction with the results of tj'phoid 
vaccination is shoum by the studies being carried on by various research 
workers here and abroad in an effort to improve the vaccine. These 
studies are related to om: growing knowledge of the complex nature of 
antigens and to the antigenic peculiarities of different strains of the 
same bacterial species. There, of course, has been a marked and gratify- 
ing reduction in our typhoid fever rates in recent decades, but it is verj"- 
doubtful that immunization has been an important factor in bringing 
this about. 


Diphtheria. — In connection -ndth diphtheria prophylaxis it must be 
remarked that the disease takes its chief toll in children under the age 
of 6 and if proph^dactic procedures are delayed until the child enters 
school the best opportunity for preventing infection has been lost. 
•Passive immunity “with diphtheria antitoxin once played an important 
role in the prevention of the disease. This practice is limited now to the 
few occasions in which it is impossible to keep those in contact with 
haomi virulent infection under close medical observation. In all diph- 
theria prophylaxis the importance of the Schick test must be borne in 
mind, especially after the immunization procedure has been completed. 
The mere injection of a person with one or more doses of a prophylactic 
is not a guarantee that immunity will be induced. _ It is appreciated, 
of course, that the Schick test is not an infallible index of diphtheria 
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immunity, but for practical purposes it may_ be considered as giving 
most useful information. The two prepara,tions most in use at the 
present time are the Ramon toxoid, which is given in 2 or 3 doses at 
intervals of 3 or 4 weeks, and the more recently developed, refined alum 
precipitated toxoid which is given ordinarily in one dose. _ ihe latter, 
of course, has a great advantage in requiring but a single in 3 ection. On 
the other hand, -it occasionally is followed by, rather annoying indura- 
tions and even abscesses and thus far the research workers have failed 
to develop a means whereby this complieation may be avoided. 


Scarlet Fever.— Early work bearing on the streptococcus as the 
etiologic agent of scarlet fever was rather inconclusive but the lyork of 
Doctors Dick, Dochez and others has put the whole subject in a different 
light and on a sound foundation. Passive irnmunity induced by the 
injection of scarlet fever streptococcus antitoxin is believed to 'be inad- 
visable generally because of the low incidence of scarlet fever among 
contacts and the likelihood of serum reactions which appear to follow 
scarlet fever antitoxin somewhat more frequently than other antitoxins. 
Within very recent years serum from those convalescent from scarlet 
fever has been used for passive immunity; much success is claimed for 
the procedure but it is too early for final appraisal of the practice. Ac- 
tive immunity induced by means of several injections of a toxic filtrate 
developed from the hemolytic streptococcus of scarlet fever appears to 
be an effective measure for the prevention of the disease. This method 
of prophylaxis requires 5 injections in addition to a preliminary Dick 
test to determine susceptibility and another Dick test after the injec- 
tions have been given to determine whether the immunization has been 
successfully accomplished. This means that the physician must see 
the patient seven times. Most health departments have found it 
impracticable to attack scarlet fever in this manner, but it would appear 
that this is peculiarly a field where the private physician might recom- 
mend immunization of susceptible children among his clientele. 


Whooping Cough. — The evidence is most contradictory on the effi- 
ciency of whooping cough vaccine. The disease has its prevalence 
chiefly in those of tender years, the highest mortality, being Wing the 
first 2 or 3 years of life. The older whooping cough vaccine preparations 
probably were of little or no value. Certain newer preparations that 
have come into use in recent years seem to offer more promise, but even 
these can hardly be said to have become well enough established to 
ji^tify widespread general application. Stress is laid on certain details 
of manufacture, which perhaps cannot be practiced readily in' large 
scale production. 


Measles.— It seems to be quite clear that it is practicable to prevent 
measles by giving to exposed children serum from persons recently 
TOuvalescent from the disease, or even serum or whole blood, of adults, 
i lie dosage and time of administration of the serum must be chosen 
caretully to secure the most favorable results. If the serum is given 
immediately after exposure, an attack of measles is likely to be avoided 
and the child will have only a temporary immunity. If it is given from 
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5 to 8 days after exposure, a mild attack of measles which is practically 
free from danger frequently ensues, resultibg in a lasting immunity.- 
Within recent months commercial preparations of human placental 
extract have been developed for use in measles prophylaxis; apparently 
the effect is much the same as that of convalescent serum. 

Influenza, the common cold, meningitis, pneumonia, and poliomye- 
litis are all still beyond any practicable means of prevention, by induced 
immunization. 

George W. McCoy, M.D. 
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The Effect of the Adrenotropic Hormone of the Anterior Pituitary 
Upon Hypophysectomized Depancreatized ("Houssay") Cats. — C. N. H. 
Long and F. D. W. Lukens (George S. Cox Medical Research Institute, 
University of Pennsylvania). The preparation of the purified adreno- 
tropic hormone has been described by Collip, to whom we are indebted 
for our supplj'’ of the extract. Collip and others have shown that this 
extract is anatomically specific in causing a regeneration of the adrenal 
cortex following the atrophy which takes place affer hypophysectomy 
in the rat. It is practically free of all other pituitary hormones, as 
determined by anatomical methods. No metabolic studies have been 
reported with it to our knowledge. It does not restore hypophyseal 
cachexia even when adrenal regeneration is accomplished and produces 
no effect on the adrenal cortex of normal animals. The extract has 
been tested by us on 4 fed and 2 fasted Houssay cats in excellent con- 
dition. The fed cats were on a constant diet throughout the experi- 
ment. In both fed and fasted Houssay animals there was an increase 
of glucose and nitrogen excretion during extract administration, amount- 
ing to as much as three times the value of the excretion before and after 
the administration of the hormone. The nitrogen excreted was at all 
times more than enough to account for the glucose obtained. Ketonuria 
was absent throughout, since any ketogenic activity of the extract had- 
been removed by boiling before use. The conclusion is reached that 
the adrenotropic hormone of the pituitary exerts a stimulating influence 
on protein metabolism. As far as glucose and nitrogen are concerned, 
these results are compatible with our previous reports of the effect of 
hjqjophysectomy and adrenalectomy on pancreatic diabetes. 

The Effect of Adrenalectomy Upon the Response of the Rat to the 
Ketogenic Principle of the Anterior Pituitary.— Edith G. Fey (George 
S. Cox Medical Research Institute, University of Pennsylvania). The 
increased ketonuria developed by normal, fasted rats in response to 
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injections of alkalin extracts of tire anterior pituitary* was greatly 
reduced by adrenalectomy, wbetber tbe animals were mamtamed after 
operation on physiologic saline or on active extracte of the adrenal 
cortex. However; if the presence of accessory cortical tissue was eitiier 
identified microscopically or indicated by long survival of the rat alter 
ivithdrawal of saline or cortical extract therapy,* increased ketonuria 

resulted* • 

Long and Lukens have found that the spontaneous ketonuria of 

depancreatized cats was suppressed by hjT^ophysectomy or adrenal- 
ectomy. Two explanations may be offered for tbese^ findings: a, The 
presence of the adrenal cortex mediates this ketogenic activity of the 
anterior pituitary, 6, adrenalectomy suppresses the usual ketonuria by 
inducing structural and functional alterations in the anterior pituitary. 

Saline therapy for adrenalectomized rats may not have prevented 
such alterations in the-anterior pituitary, but cortical extract treatment 
which permitted normal growth should have prevented any such 
changes. Since the increased ketonuria was suppressed in both series, 
these results favor the first view that the adrenal cortex is directly 
concerned with the ketogenic activity of the anterior pituitary extracts 
employed. 

Preliminary experiments indicate that rats respond to the same 
anterior pituitary extracts as well following thyroidectomy as before 
operation. 


A Study of Gastric Emptying with an Open Tube in the Pylorus; 
Results with Liquids Including Olive Oil and N/20 HCl.— J. E. Thomas 
and J. 0. Crider (Laboratory of Physiology, Jefferson Medical College). 
Observations have been made on two dogs, provided with cannulated 
gastric and duodenal fistulas, under the following conditions : 1, With- 
out apparatus (normal controls); 2, with an apparatus in the pylorus 
which maintains a 7-mm. opening, and 3, with an apparatus identical 
to the other externally but which does not open the pylorus (dummy 
controls). The apparatus consists of an aluminum tube held in the 
pylorus by means of narrow flanges and by rubber tubes passed through 
the gastric and duodenal fistulas. The cannulas are stoppered around 
the tubes so that leakage does not occur. Lateral openings in the 
tubing near the pylorus on each side complete the free communication 
betw'een the stomach and duodenum. 

The rates of emptying of normal saline, N/20 HCl and of olive oil 
were studied under each of the above conditions. There was no signifi- 
cant difference in the emptying times with the pylorus open as com- 
pared with the controls (normal and dummy) except that the emptying 
time of oil appeared to be prolonged somewhat when the pylorus was 

kept open. The follmving table gives the average emptying times so 
farrecorded: a 


Dog 1. 

Dog 2. 

Dog 1. 

Dog 2. 

Min. 

Min. 

Min. 

Min. 

18.5 

21.25 

41.6 

48.3 

17.5 

22.5 

44.4 

45.0 

22.0 

20.0 

47.8 

45.0 


Normal controls . 
Dummy controls . 
Pylorus open . 


Dog 1. Dog 2. 
Hrs. Hrs. 
4.66 3.0 

4.2 3.0 

S.Q+ 4.0 + 
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Experimental Pulmonary Edema.— Virgil H. Moon and David R. 
Morgan (Laboratory of Pathology, Jefferson Medical College). Pul- 
monary edema is found regularly at postmortem in man when the 
shock syndrome has preceded death. It is seen frequently in experi- 
mental shock when death was somewhat delayed. These facts suggested 
means for producing pulmonary edema experimentally. Shock Mth 
delayed death was produced by implanting muscle substance in the 
peritoneal cavity, by sublethal burns, by the injection of bile and of 
bile salts intravenously or intraperitoneally, by intestinal obstruction, 
barbital poisoning, and by repeated subcutaneous injections of histamin 
in dogs. In each instance hemo-concentration of 30% to 40% developed 
and the postmortem findings were those regularly present following 
death from shock. 

Marked pulmonary edema was present in each animal so treated. 
The edema fluid had high specific gra%dty closely approximating that 
of the blood serum. Beginning pneumonia was seen frequently in the 
dogs which survived treatment longer than 4 days. The lungs were 
closely similar to those seen in man following burns, severe infections, 
intoxications, and so forth. Such edema results from increased vascular 
permeability and its mechanism of development apparently is integral 
with that of shock. 
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Illustrations accompanying articles should be numbered and have captions bearing 
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THE EFFECT OF LIVER EXTRACT ON THE SMALL INTESTINE 
OF PATIENTS WITH SPRUE. 

By D. K. Miller, M.D., 

AND 

C. P. Rhoads, M.D., 

NEW YORK CITY. 

(From the Hospital of the Rockefeller Institute for Medical Research.) 

A CLINICAL study of a relatively large group of patients with 
sprue has been made over periods of from 1 to 3 years following 
remissions of the disease induced by liver extract therapy. During 
this study it has been observed that flatulence, intestinal discomfort, 
cramps and diarrhea recurred unless a sufficient! j;- large amount of 
liver extract was administered at frequent intervals. This was the 
case despite the fact that no detectable hematological disturbance 
.was present. Thus the intestinal dysfunction rather than the anemia 
has been the guide for the administration of therapy. The fact that 
the amount of liver extract necessary to prevent recurrence of 
intestinal dysfunction was far greater than that necessary to main- 
tain normal blood levels, suggested that a relationship existed 
between liver extract and intestinal activity. The results of the 
roentgenologic study of an individual case which are presented in 
this communication bear out this suggestion. 

Characteristic morphologic alterations of the small intestine of 
patients with sprue have been demonstrated roentgenologically 
by Mackie, Miller and Rhoads.^ The extent of the abnormalities 
were shown to vary directly wdth the severity of the clinical picture 
and furthermore a return to a state more nearly normal Avas demon- 
strable after adequate therapy had been administered. - These 
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abnormalities may be summarized as follows: 1, a segmental dis- 
tribution of barium, produced, it is inferred, by abnormal motility 
of portions of the small intestine; 2, a variation in contour and 
caliber of the intestinal segments; 3, a distorted mucosal pattern, 
especial^ of the duodenum and jejunum, but often of the ileum as 
well; 4, an outline of the terminal ileum which appears straighter 
than normal and gives the impression of a lack of pliability of the 
intestinal wall. 

In the course of this study an opportunity was presented for the 
investigation of a patient who had diarrhea regularly if liver extract 
was withheld for periods of from 10 days to 2 weeks. In this in- 
stance the changes in the small intestine were visualized by Roent- 
gen ray both during an attack of diarrhea and immediately following 
the cessation of symptoms which followed liver extract therapy. 
The results are striking in that thej'- furnish unequivocal evidence 
of the specificity of liver extract therapy of the intestinal manifes- 
tations of sprue without anemia. 



Chart I. — Hematological changes following the daily administration of 10 cc. liver 

extract intramuscularly. ' 


Clinical History (Chart I). An American woman, aged 50, who liad 
lived for .21 years in southern China, entered the hospital complaining of 
diarrhea of 7 years’ duration. Her illness began ndth an acute, afebrile 
attack of diarrhea lasting 6 weeks. Subsequent attacks occurred during 
the first year. Early in the second j'-ear, sorene.ss of the mouth and the 
tongue developed, and the diarrhea^ was persistent. Relief of symptoms 
followed the use of a diet of sour milk and liver. During the fourth j^ear 
of the illness improvement did not follow the same treatment and the patient 
returned to this country, where she was symiptom-free for 6 months. This 
period of relief was again followed by severe abdominal distress and diar- 
rhea. About 6 weeks before entry, weakness, shortness of breath and pallor 
appeared, and she was confined to bed. Three wals of liver extract, Jilly, 
were administered orally each day without improvement. 





Fig. 1. — Roentgen ray of small intestine 2 J hours after barium meal during an attack 
of diarrhea shorving two columns of barium and residue in stomach. 





Fig. 3. — Roentgen ray of small intestine 2 hours after barium meal, 4 days after 
preceding Roentgen ray study and after diarrhea had ceased (compare ulth Fig. 1). 



Fig. 4. — Roentgen ray of small intestine Z\ hours after barium meal and after diar- 
rhea had ceased (compare -svith Fig. 2). 
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Examination. The patient -was markedly emaciated and appeared 
extremely ill. The sldn and mucous membranes had a lemon-yellow tint 
and were pale. There was atrophy of the papillte along the borders of the 
tongue noth furrows over the dorsum. The abdomen was slightly distended 
and tympanitic. The spleen was palpable. There was pitting edema ot 
both ankles. Gastric analysis showed free hydrqcliloric acid only alter 
the injection of histamin. Laboratory examination showed: red blood 
cells, 820,000; hemoglobin, 22%; color index, 1.34; mean corpuscular 
volume, 131 cubic microns; icteric index, 20; reticulocjdes, 1%. 

Co^irse in Hospital. Daily intramuscular injections of liver extract (Eli 
Lilly & Co.) were given for 2 weeks. Each injection was of 10 cc., an amount 
derived from 50 gm. of Avhole Iwer. On the 6th day after the first injection 
there was a rise in the number of reticulocytes to 42%. The day after the 
first injection the patient had one formed bowel movement, although there 
previously had been 5 or 6 loose stools daily. The rise in the tiumber of 
reticulocytes was followed by an increase in the number of erythrocytes 
and the hemoglobin. The patient had no further diarrhea unless a longer 
period than 2 weeks elapsed bett^^een injections of liver extract. She was 
discharged 7 weeks after entry uith an erythrocyte count of 4,170,000 and 
a hemoglobin of 73%. , _ 

The patient has been followed for the past 3 years. During this time 
the erythrocyte count and the hemoglobin have been maintained at normal 
levels. There have been no diarrhea or intestinal symptoms except when 
a period longer than 10_ days to 3 weeks elapsed between the injections of 
liver extract. The patient can determine the necessity^ for treatment by 
the appearance of flatulence, cramps and finally diarrhea. At no time has 
liver extract failed to relieve all intestinal symptoms within 24 hours. 

The patient was readmitted to the hospital during an attack of diarrhea 
induced by withholding liver extract therapy. During this admission 
roentgenologic study of the small intestine w^as made and was compared 
to one done 4 days later, subsequent to the injection of liver extract and 
the relief of intestinal symptoms. 

The method of Roentgen ray examination of the small intestine used in 
this study was that described by Mackie, Miller and Rhoads.^ Ihvo ounces 
of barium were given to the patient 1 hour after a light brealcfast; Roentgen 
ray pictures were taken 15 minutes later and at 30-minute intervals the 
head of the barium column had reached the cecum. Reexaminations 'were 
then made at hourly intervals until the small intestine was empty. The 
barium was given after a meal so that the motility of the small intestine 
would be as normal as possible. 

The Small Intestine^ During an Attack of Diarrhea (Rigs. 1 and 2). At ^ 
hour the second portion of the duodenum was dilated and the rugai were 
wider than normal. At Ij hours the upper jejunum showed a definitely 
abnormal mucosal pattern and "was 'widened. A segmental progression 
of the barium was indicated by two distinct segments of small intestine 
which contained the ra(ho-qpaque substance. At 2\ hours an even more 
marked segmental distribution was in e'vidence, as 'well as a variation in 
caliber and an irregularity of the contours of the isolated intestinal seg- 
rnents. At 2f hours the upper jejunum was empty and a segmental distribu- 
tion of barium throughout the whole small intestine distal to the upper 
jejunum was found. Marked variation in caliber of these isolated segments 
was apparent, some being constricted and others markedly dilated These 
changes are frequently seen m sprue and are almost invariably found when 
diarrhea is present. The barium reached the cecum in 5 hours while at 
6f hours a definite gastric residue was seen in the stomach, and the terminal 
ileal segments still contained barium. 


The Small Intestine Subsequent to the Administration of Liver Exirnrt 
Followed by Cessation of Dianhea (Figs. 3 and 4). At i hour and 1 hour 
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the same changes in the duodenum and jejunum were seen as in the previous 
study. At 1 hour, however, the stomach was nearly empty and the barium 
appeared to be travelling through the small intestine in a continuous column. 
Marked variations in the caliber and outline of the intestine were present. 
At 2 hours the stomach was empty. The head of the barium column had 
reached the cecum at 2f hours. No segmental distribution of barium was 
seen. At 5 hours the small intestine was empty. 

The segmental distribution of the barium throughout the small intestine 
which was such a striking feature in the prewous study had disappeared. 
The barium presented a continuous smooth outline throughout the small 
intestine. These changes are interpreted as indicating a restoration toward 
normal of the motor function of the small intestine. 

Discussion. The study presented demonstrates an effect of liver 
extract on the functional activity of the small intestine in patients 
with sprue. The arrangement of the radio-opaque substance in 
isolated intestinal segments which was seen when diarrhea was 
present was not a feature 4 days later, after liver extract had been 
administered and diarrhea had ceased. Similar results have been 
seen in other patients of this series, but in none was the picture as 
dramatic as in this instance. These results demonstrate the thera- 
peutic specificity of liA'er extract in sprue without anemia. 

Clinical observation has shown that patients with sprue- or 
pellagra® require much larger amounts of liver extract than do 
patients with pernicious anemia. This applies even to liver extract 
therapy administered parenterally, a route which excludes the 
possibility of a lack of absorption or of destruction of the material 
in the gastro-intestinal tract. This fact, together ivith the observa- 
tion that in patients with sprue a much larger amount of liver 
extract is necessary to prevent diarrhea than is required to maintain 
normal blood levels, suggests that either different fractions of liver 
extract are operatiA'e in sprue and pellagra from those which are 
effective in pernicious anemia, or that the therapeutic actions of the 
same substance varies in the three disease states. The conditioning 
of the functional activity of the small intestine may possibly be 
another therapeutic function of the antipernicious anemia sub- 
stance. The answer to this problem awaits further investigation. 

Summary. 1. Roentgenologic evidence of abnormal form and 
function of the small intestine of a patient with sprue, without 
anemia but with diarrhea is presented. 

2. A return toward normal form and function, as evidenced by 
roentgenologic study, as w^ell as the disappearance of symptoms 
followed the injection of liver extract. 

3. It is suggested that liver extract administered parenterally 
conditions the functional activity of the small intestine. 
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It seems to be true that rare cell-tj^pe leukemias and leukemic 
states do occasionally occur. Subscribing as we do to the principle 
that in any given leukemia there is an abnormal, immature, imper- 
fect leukoblastic tjqie ceil proliferating and invading without nor- 
mal maturation,”’ ‘2 in time and full experience, one would expect 
to find leukemia cells resembling every normal type. Resemblance 
only, partial, imperfect differentiation only, varying degrees of 
resemblance to be sure, not always even a recognizable resemblance, 
for leukemia cells are sometimes exceedingly primitive and bizarre. 

Hay and Evans^ review the few reported cases of eosinophilic 
leukemia adding an acute case of their own, all previous authenti- 
cated cases having been chronic ones. There has been added 
recently the case of McCowen and Parker,- an acute eosinophilic 
leukemic state with leukemic infiltrations showing eosinophils. 

Joachim,® in 1906, reported 2 cases of chronic leukemia in both 
of which the percentage of “mast cells” was above 50%. The 
first was followed for 5 weeks, discharged, and lost track of; the 
second for but a 17-day period, but giving a history of a diagnosis 
of leukemia made elsewhere 7 months previously at rvliich first 
examination some 500,000 leukocytes were found. The blood 
picture was that of an ordinary chronic myeloid leukemia except 
for the large number of “mast cells,” as high as 83%. 

• Joachim’s opinion was that the general symptoms being similar 
to other clnonic myeloid leukemias except for the degree of baso- 
philic increase, one should he loath to call it a separate type of 
leukemia. He reported it as an atj^iical leukemia, concluding that 
chronic basophilic leukemia is a variety of the common myelocjitic 
variety. He found the prognosis more unfavorable, and the mast 
cells radioresistant. 
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General infiltration characteristic of the chronic leukemias was 
found at ij.utopsy. It was noteworthy that he had great difficulty 
in staining autopsy tissues. The basophil or mast cell granules 
disappeared. He got his best results with polychrome blue, but 
even then the granules were not distinctive. Such granules as were 
preserved showed varied stain affinitjf, from clear violet to bright 
red, like eosinophilic granules. 

Sabrazes^ was most interested in proving the differentiation of 
hemohistioblasts to mature mast cells. The so-called hemohistio- 
blast of Ferrata and many tjTies of basophils he had frequently 
found increased in chronic myeloid leukemia. He concluded that 
his case was one of chronic myeloid leukemia with an abundance of 
“granular basocytes.” He believed such cases are relatively com- 
mon and particularly resistant to both Roentgen ray and benzol. 
Using hlay-Giemsa stain, he noted variations in size of cell, size 
and distribution of granules, and a varying character of nucleus 
convincing him that he had supporting evidence in agreement with 
his previous views.® He maintained that mesenchymal hemohistio- 
blastic cells have the capability of differentiating directly into the 
common granular basophilic cells. The blood in his case returned 
almost to normal after Roentgen ray treatment, except for the 
persistence of mast cells and the so-called hemohistioblasts. Four 
months after the first ex'amination,® mouth lesions, cough, fever and 
a leukemic blood picture appeared. There were even more mast 
cells and hemohistioblasts tlian before, definite left shift in the 
leukocytes generally, and a severe anemia. No marrow biopsy is 
reported. The platelets were uneven and few in number and many 
of these few were large and globular. Among the white cells 
mitotic figures were said to have been found, the tjqie of cell unfor- 
tunately not stated. Eventually the myeloblast became the domi- 
nant cell, 32% of the total number, the mast cells 20%. 

Sabrazes® discussed the morphologic characteristics of basophilia 
under pathologic conditions. His observations and those of Di 
Guglielmo" may lead us away from our present not too clear con- 
ceptions of the origin of basophils, mast cells and, incidentally, 
monocytes. 

Sarzi-Sartori’s® case is practically a counterpart of Sabrazes’. 
He agrees with Joachim that one should be cautious about calling 
these cases mast-cell leukemia. His case showed 45% basophils 
and many hemohistioblasts. Although he had never seen the cell 
described by Di Guglielmo® on which Sabrazes sets great store, he 
accepts their theories. 

Elliott and Young® reported a case called clironic mast-cell 
leukemia because of predominance of leukocj’tes with coarse baso- 
philic granulation. They speak of the frequency of association of 
increase of both eosinophils and basophils in chronic myeloid leu- 
kemia and would restrict the term “mast-cell leukemia” to those 
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cases in which the basophilic leukocytes are the principal feature 
of the blood smear. The basophils reached 64% and were veiy 
coarsely granulated and mature. Roentgen ray treatment and 
benzordecreased the total leukocytes principally by reducing the 
adult neutrophils. The basophils steadily increased. Autopsy was 
referred to as revealing a splenic infarction but no other details 

were given. 

Our case may be summarized as follows: 


Case Report. A man, aged 27, dentist, was referred by Dr. ^ank 
Stradling, Earlville, N. Y., September 13, 1935. He stated that March, 
1935, he tired easily and lost weight. Appetite was poor and he slept 
fitfully. There was gastric distress, belching, and abdominal distention 
and a hard mass in the left upper abdominal quadrant. He noticed spongy 
gums with some bleeding and there was nosebleed. Hai^g had laboratory 
training, he thought of the possibilitj'- of leukemia, examined his own blood 
and made his own diagnosis. He was seen by Dr. Ro}’’ G. Pfotzer, of 
Buffalo, N. Y., March 29, 1935, who noted: “He complained of malaise, 
anorexia, loss of weight, loss of color and a lump in the left side. Pale, 
well developed, fairly well nourished, the spleen was at the level of the 
umbilicus; temperature, 100.2° P. A blood count showed; Hb. (Dare), 
64%; R.B.C., 3,800,000; W.B.C., 186,000; polys, 60%; myelocjdes (prin- 
cipally neutrophilic), 35%; lymphocytes, 5%. A rare blast form was 
noted. At this time no basophilic element was present. 



W.B.C. 

Myelocytes, 
per cent. 

April 2 . . . . . 

.... 85,000 

IS 

10 

.... 80,000 

17 

22 .... •. 

.... 12,600 

4 

May 6 

.... 6,400 

1 

.20 

.... 6,800 

1 

June 1 

.... 5,600 

1 

17 

.... 9,400 

5 

30 . . . . . . 

.... 14,200 

6 


“His weight at first examination was 185; on June 30, when last seen, 
it had risen to 210, and at this time his R.B.C. was 4,540,000; Hb., 94%. 
The spleen receded and was not palpable on April 22. At no time during 
the blood studies was there a basophilic tendency.” 

He had 9 light Roentgen ray treatments to the splenic area (Dr. J. M. 
Barnp, of Buffalo),^ and large doses of iron by mouth. He was told that 
his blood was practically normal, but warned of recurrence and instructed 
to continue under observation. July 19, 1935, at the Nomuch, N. Y., 
Hospital, his blood showed: W.B.C., 10,200; small lymphocytes, 16%; 
large mononuclears, 3%; neutrophils, 78%; eosinopliiis. 1%; basophils, 2%. 

W-B-C-) 9500; lymphocytes, 20%; mononuclears, 
1%; neutrophils, 74%; basophils, 2 %. 

About September 1 he began having gastro-intestinal disturbances, 
rptiessness and all the other symptoms previously described, including 
le hrm abdoiim^ mass. Dr. Johns, Utica Memorial Hospital, reports 

ment cells, o9%, lymphocytes, 18%; transitionals, 3%; basophils, 12%-. 
bla^stJ^o^O SS'lOr’ leukocytes, myelocytes, also myelo- 

this blood finding he had a Roentgen ray treatment 
of 185 R’s broadly over the left abdomen, given by Dr. Lee Hadley. 
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Dr. Stradling felt that the sj-mptoms had suggested a possible peptic 
ulcer or malignanc3'^ in addition to the leukemia. 

Physical Examination (Dr. Groat).— A remarkably weU-built, clear- 
skinned, alert young man, 6 feet 3 inches tall, still weighing just over 
200 pounds. Restless and apprehensive, but truly remarkably well in 
hand considering the fact that he knew all about his condition. The gums 
were soft, spongy and there were small clots in the margins next to the 
teeth; there were some small areas of ecchymosis on the buccal mucous 
membrane and a small clot behind the anterior pillar of the right tonsil. 
There was a multiform erythematous rash with itching, quite like an allergic 
rash, possibty due to the considerable amount of phenobarbital taken the 
pre^’ious 2 weeks. The neck, chest, lungs, mediastinum and heart appeared 
normal. A mass, evidently an enlarged spleen, reached 12 cm. below the 
left costal border and well toward the midline. There were some good- 
sized ecchsmotic areas on the back; there was definite epigastric tenderness 
vith tympanites and distention. The liver lower margin could just be 
felt. There were no palpa,bly enlarged Ijmph nodes. The urine and blood 
aside from the abnormalities shown in the tables were not remarkable. 

Progress. Continuous fever, increasingly bothersome nasal hemorrhages 
and oozing, bloody vomitus and new areas of ecchymosis. Frequent 
epigastric distress relieved somewhat by CO“ and oxii^gen and he expired in 
coma at 5 p.si., October 5. Temperature ranged from 99.6° to 101° F. 
the first week, reached 103.6° F. following a transfusion in the second week, 
more irregularly, 100° to 103° F., during the third week and continuously 
101° to 102° F. the final week, the pulse gradually working upward from 
the 80’s to a running pulse of 120 to 140 in the final week. 

Treatment. Since both general condition and blood state became defi- 
nitely worse following the Roentgen ray treatment, acute leukemias being 
seldom benefited thereby, no further treatments were given. Twice a 
citrate transfusion of 300 cc. of blood was given and after each the patient 
was decidedly uncomfortable, once alarmingly depressed and at no time 
appreciably benefited despite the fact that the blood was carefully matched. 
The reactions were 24 to 48 hours afterv^ard in both instances, the tem- 
perature rising to 104° F. without chOl. He desired not to have any 
more transfusions and it seemed humane not to insist upon them in any 
refused form. 

The only medication,’ other than sedatives, was liver extract intramus- 
cularly, wlrich in our experience has been somewhat helpful in other cases 
of acute and chronic leukemia, more particularly in the latter. But these 
injections were discontinued during the last week because they became so 
objectionable to the patient. He asked to have iron, so a preparation of 
citrate of iron was giiTn him by mouth the last few days. This placebo of 
iron seems to account for the black, granular, semisolid stools which he 
had on the last day. 

Necropsy (Dr, Wyatt, 2? hours after death). On external examination 
the only significant findings were marked pallor of skin and mucous mem- 
brane and a small healing puncture wound over the middle of the head of 
the sternum made for marrow biopsy. The serous caidties showed no sig- 
nificant lesion. There was rather marked pallor of the mjmcardium, liver 
and kidneys, without other gross lesion. The lungs showed numerous 
small scattered hemorrhages but no gross evidence of inflammatory or 
leukemic infiltration. The spleen was rather markedly enlarged, weighing 
1045 gm. On section its cut surface was fairly firm but somewhat 
friable, and the normal splenic markings were not evident. In the duo- 
denum just beyond the pyloric ring there were two separate, typically 
punched-out, peptic ulcers, each of which measured appro-ximately 1 cm. 
in diameter. One of the ulcers was on the superior wall and was firmly 
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adherent to’ the neck oi the gah bladder, ^hile the other ivas on the posterior 
wall and was adherent to the pancreas. There were no bloodvessels 
exposed in the ulcers. The contents of the intestines were somewhat 
blackish, but not definitely tarry in consistency . (Iron citrate had been 

^'^^he'bone marrow as observed in the ribs and head of the sternum^ was 
not remarkable in its gross appearance. The marrow caiaty of the middle 
third of the right femur was filled with abundant, rather firm, mottled red- 
dish and grayish marrow which was definitely adherent to the walls of the 
cavity. The inner surface of the compact bone forming the wall of the 
marrow cavity was distinctly roughened, due to the presence of a layer 
of marrow, 1 to 2 mm. thick, which was mixed with loose, spongy bone. 
Direct smears of the marrow from the femur, ribs and sternum were made, 
in addition to the taking of blocks of tissue for sections, which were pre- 
pared with the usual paraffin technique and stained with hematoxjdin and 


eosm. 


Microscopic Findings. There was slight degeneration of the myocardium, 
but not to the degree which was suspected from the gross pallor and mot- 
tling. The sections of the lungs showed hemorrhage, slight edema, and 
small areas of bronchopneumonia. There was no evidence of leukemic 
infiltration in the sections of myocardium, lungs, or kidneys. The walls 
and floors of the duodenal ulcers showed only inflammator}'' reaction and 
necrosis, without definite invasion by leukemic cells. 

Spleen. There was complete loss of normal splenic architecture! and 
replacement by a picture very similar to that seen in the bone marrow. 
Tins was made up of more or less evenly distributed leukoblasts of various 
types, erythroblasts, a few megakaryocsdes, intermingled isfith mature 
leukocytes and stroma cells. In places there was more or less fibrosis. 
The cells which stood out most clearly and were most easily classified as 
myelocjdes were eosinophilic. These were quite numerous. In addition, 
there were numerous other cells of about the same size and with nuclei 
of about the same character, but without definite granules in the cytoplasm; 
these were presumably either neutrophilic myelocytes or basoplnlic myelo- 
cytes which had undergone such changes in the cytoplasmic granules as to 
render them undemonstrable in those sections. The presence of such baso- 
philic cells in large numbers in the direct smears of marrow and their 
absence in the sections of marrow and spleen, even when stained with the 
same blood stain as the smears, would suggest that the granules are easily 
lost in the preparation of sections. This has also been the experience of 
others in studying snnilar cases.® In addition to these myelocytic cells 
there were numerous larger cells with a small amount of non-granular cyto- 
plasm which probably were myeloblasts. In certain instances these 
seemed to be definitely grouped to form areas which stood out from the 
surrounding cells. Erythroblasts were relatively inconspicuous, as were 
also the megakaryocytes. 

Liver. In the connective tissue of the portal canals there was consider- 
able myeloid tissue similar to that described in the spleen. There was also 
dehmte necrosis of liver cells in varying degrees in the centers of the lobules. 

Hone Jlf arrow. The marrow was very cellular, the leukoblastic elements 
markedly predominating over the erjiihroblastic, giving the impression 
nat tne latter were crowded out. The structure was somewhat similar 
to that described in the spleen, except that it was more cellular. Eosino- 
philic m3mlocjdes were present in large numbers; also there were very 
numerous myeloc}des which were probably divided between the basophilic 
variety shoum m the direct smears and the neutropliilic type. There were 
Tv?' large atjqiical cells, probably of primitive myeloid type 

Megakarjmcjdes were found rather infrequently, and for the^ most ^rt 
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tended to be young, active forms. The grouping of myeloblasts or myelo- 
cytes of a certain type was rather striking in places, large fields being 
made up almost entirely of similar cells. Mitotic figiircs were found rather 
frequently in certain areas of the sections whereas in other portions they 
were found mfrequently. It was difficult in all instances to be sure of the 
tjfpe of cell in mitotic di^^sion; but some of them were large and non- 
granular while others were smaller and probably myelocytes of either the 
neutrophilic or basophilic type and very few erj-^throblasts. No mitotic 
figures were found in eosinophilic myelocytes. 

Summary of Macroscopic and Microscopic Findings. Some degeneration 
of myocardium. Bronchopneumonia. Two duodenal ulcers. Splenomegaly 
with m5’’eloid leukemic infiltration. Some leukemic infiltration in portal 
canals of liver. Central necrosis of liver. Myeloid hyperplasia of bone 
marrow, largely replacing erj’’throblastic tissue and megakaryocytes. 
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The major progressive blood changes are shown in Table 1. The 
additional features are that the platelets were from the first sparse, 
apparently never over 80,000, and highly abnormal, mostly large 
globular, or dumbbell shaped wdth occasional long streamers, and 
very pale staining. They did not clump normally, possibly addi- 
tional evidence of qualitative deficiencies. 

Reviewing the progressive blood picture, it is noteworthy that 
the total number of cells and the total number of basophilic and 
myeloblastic cells increase roughly in much the same ratio (Table 2), 
w'ith the anemia in reverse ratio. There is a non-progressive left 
shift in the neutrophils and a progressive left shift in the basophils 
(Table 2). An arbitrary division of the basophils was made to 
permit a differential count and indicate a possible shift. These 
tjqie cells may be readily recognized in the photomicrographs in 
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Plate I. It is noteworthy that both the large cell with fine baso- 
philic granules and the large cell with coarse basophilic granules 
show some variation in the size of the granules. This variation in 
granule size is more marked in the two smaller mature types. e 
do not include as basophils basophilic proeosinophils or basophilic 
proneutrophils, notwithstanding the fact that others have had 
difficulty in separating them. There were very few such cells in 
the smears and they were included in their own classes. This was 
possible because the stain which we use, a modification of Jenners’ 
stain not dissimilar from the MayrGiemsa in its actual composition 
and potentialities, we believe to be superior to all others as a differ- 
entiator of granules. The granules of basophilic proeosinophils 
with our stain are more pinkish violet and definitely less intensively 
stained than are true basophil granules which stain a purple black. 
This stain and its results have been demonstrated^®-^® and many 
now use it. An article describing its manufacture and use is soon 
to appear in the Journal of Laboratory and Clinical Medicine}'*' 


Table 2.— (Miss F.) 
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Classes of basophils; 

I. Large cells mth fine granules over an immature nucleus. 

Ttt n vaiiating coarse granules over an immature nucleus, 

it. Oells, slightly smaller, with variating coarse granules in the small portion 
of cytoplasm. 

IV. Smaller cells with fairly typical granules over a more mature clover-leaf- 
shaped nucleus. ' 


-A sternal marrow biopsy was done, October 1, 1935. The 
method of choice, trepliining a plug from the sternum for smear 
and section, was not followed because of certain objections, and 
also the possibility of hemorrhage; but the method used was com- 
parable to it in that a 12-gauge needle with blunted point and trocar 
was thrust into the sternum, the trocar removed, the needle then 
adi anced and rotated, then carefully withdrawn, removing a mush 
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of marrow from which the smears w^'ere made and stained the same 
as blood and selected fields appear as illustrations (Plate II). 

Autopsy smears of sternal marrow^ were stained as blood after 
first being extracted wdth ether and alcohol and typical fields appear 
as illustrations (Plate III). 

We have been interested'- in haploid mitotic figures in the type 
cell of various leukemias and have searched both blood and marrow 
smears of this case with diligence and found a total of 26, all in 
large non-granular ceils such as appear in the various illustrations. 
A selection of these are to be found in Plate IV. So far as we could 
determine, many of these are haploid myeloblasts. 

We find no mitotic figures in basophils. In all other cases where 
we have found haploid mitotic figures they have been in what 
wmuld be considered the tj^ie cell of the leukemia and we have shown 
this.'^ We believe this to be confirmatorj’’ of the contention that 
a leukemic state is a type of malignant growth with immature, 
abnormal, imperfect cells proliferating without much differentia- 
tion.'- Irregular mitotic division indicates cell abnormality and 
imperfection. 

Discussion and Conclusions (Dr. Groat). We believe it important 
that the few reported cases of leukemia with true basophilic pre- 
dominance have other common characteristics. It is also note- 
worthy that the few eosinophilic leukemias reported resemble each 
other and in certain respects resemble the basophilic cases. In the 
literature one finds a cautious attitude toward eosinophilic and 
basophilic leukemias. Practically everyone has mentioned the ten- 
dency for eosinophils and basophils to be increased in chronic 
myeloid leukemias. There are many cases in every hematologist’s 
experience in which numerous basophilic and eosinophilic myelo- 
cytes and promyelocji;es, and, or, plentiful mature looking mast 
cells and eosinophils are showj^ features in the stained film. They 
make Schilling’s “gay picture. ” There is vagreement that the baso- 
phils or eosinophils in what have been called special leukemia tj’pes 
keep toward the mature regardless of the company they keep. As 
in our case, one finds a gradual gradation of maturity so that divi- 
sion into classes is more or less arbitrary. We show a left shift in 
our case but do not confirm Sabrazes,^ that the basophils may be 
traced back to the hemohistioblastic cell of Ferrata through the 
granular intermediate cell of Di Gugliehno.'^ We are quitefamiliar 
with these two cells, have photographed them, both in black and 
white and in natural color; they have been a part of our exhibits.'®''* 

The cytoplasm of these large sprawding, loosely flowing, Ferrata 
cells stains pale blue, the sparse granules and little rods gray violet, 
the large round loose-skeined nucleus pale magenta with our blood 
stain. The Di Guglielmo variant of this cell is smaller, more 
rounded, with cjiioplasm more sharply defitned. Either may con- 






Plate HI.— Photomicrographs X 1200, smears 


Plate IV. — Various stages of mitotic division found in the largo myeloblasts, all 
apparently haploids except No. 2 which may be diploid or multipolar. 
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tain particulate matter. We regard them as hematopoietic system 
cells; macrophages; clasmatocytes; possibly primitive monocytes. 

Only one Ferrata cell has been found in this case notwithstanding 
thorough search for them. We know these cells but do not feel 
that Di Guglielmo^ and Sabrazes'* have established their point, that 
multipotent reticulo-endothelial cells build up azurophilic granules 
and rods with a nucleus of spongy reticular type with two or three 
nucleoli, to become the so-called hemohistioblasts of Ferrata and 
that these go to differentiate directly into basophilic mast cells. 
There is confusion caused by one thinking of the hemohistioblast 
solely as a blood cell while another speaks of it both as a blood and 
tissue cell. We are committed to the idea that blood cells found in 
adults are normally contained in a closed hematopoietic system 
which makes a special environmenW-^^ to which they are suited. 

Leaving the origin of the basophil and the reasons for its appear- 
ance as the predominating cell in a leukemia unex]ilained, the 
question remains, Is the basophil that is abundant in these reported 
cases the leukemia cell? In our case we believe it is not. We 
doubt whether it is in any of the cases, or that the eosinophilic cell 
found in the so-called eosinophilic leukemias is the leukemia cell. 
We do admit the possibility. There is much that indicates that 
others have been equally skeptical. We believe that in our study 
we have developed some evidence to show that the basophil is not 
the leukemia cell. In our case and possibly in other cases if they 
might be fully reviewed, if one could but remove the basophils 
from the picture, all the essential features of an acute myeloid 
leukemia would remain. We are aware of the limitations in the 
term "acute” in relation to leukemia. .I^Tile acute myeloid leu- 
kemias are usually myeloblastic, they need not be. While acute 
leukemias usually run a short course, it has been customary to 
determine the beginning as the time when a definite illness and 
leukemia blood picture appear. We have been able to show, par- 
ticularly in a series of leukemias in children whieh two of us (Wyatt 
and Groat) will soon report, that even this most acute tjqie of 
leukemia may go for considerable time without obvious blood 
expression. The fact that Sabrazes’ clironic case had an early less 
malignant phase followed by remission is not remarkable in a 
leukemia. We have subscribed to the idea that a preleukemic 
period probably always occurs,^- and that a preliminary episode 
followed by a remission is by no means uncommon. In our study 
of leukemias in children soon to appear, one infant had an^ acute 
aleukemic episode, seemingly recovered, appeared well a year and 
then died with acute leukemia. Autopsy showed widespread leu- 
kemic infiltration. 

Our finding of haploid mitotic figures only in myeloblasts identi- 
fies that cell tjq)e as the leukemia cell.^- The presence of many 
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relatively mature basophils with an increasing left shift as the 
malady progresses may only indicate that for some unknown reason 
basophilic production has been unduly stimulated. We gain the 
impression that the large number of basophils is merely an exagger- 
ated expression of what is commonly found in the myeloid leukemias. 
The fact that this case was carefully studied early by Dr. Pfotzer, 
and found to be a mj’-eloid leukemia without basophilic increase, 
supports this contention. In the phase in which we saw the case, 
M'ith a few noteworthy exceptions to which attention lias been 
drawn, it is a counterpart of the revicAved cases, particularly that 
of Sabrazes. 

We would like to call our case acute myeloblastic leukemia with 
extreme basophilia but believe the term "basophilic leukemia” 
should be retained until more complete CAudence and confirmation 
has been presented. One may consider these numerous basophils 
as the progeny of the leukemia myeloblasts ])otentially basophilic. 
They are perhaps too cA^enly distributed along the ancestral line, 
too normal in appearance and too mature. There is no "hiatus” 
such as Naegeli speaks of, no gap. The hiatus is in the neutrophil 
line. The neutrophilic myelocjdes are few and neutrophilic pro- 
myelocytes practically absent. 
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The variation from normal of the resistance of the red blood cells 
to hemolj'’sis by hjTotonic solutions in conditions in which the 
number of reticulocytes is increased has led to the belief that in this 
respect “reticulated” red cells differ from “non-reticulated” red 
cells. The literature contains many contradictory statements con- 
cerning the resistance of reticulocytes. By some authors^’-’® the 
resistance has been thought to be decreased ; by others, '’-'^increased , 
and by still others,*' not to show any difference from that of 
adult cells. Such differences in resistance have been thought to 
be dependent on peculiar types of reticulocytes which appear in 
different abnormal states. Buckman and MacNaugher,^^ for exam- 
ple, found that reticulocytes from cases of pernicious anemia were 
less resistant to hypotonic salt solutions than the other cells, whereas 
those found as a result of hemorrhage were more resistant than the 
other cells. 

The red cell resistance to hypotonic solutions of sodium chlorid 
in various hlood'disorders has been described in a previous paper.^* 
In the present study the resistance in certain cases in which there 
was an increase of reticulocytes has been investigated. The con- 
clusions have been derived from two types- of experimental data: 
first, an analysis was made of the relation of the number of reticu- 
locytes to the resistance of the red cells to hemolysis in 100 cases 
of anemia; second, the actual number of red cells and reticulocytes 
surviving in progressive dilutions of hypotonic sodium chlorid or 
plasma was determined in a few selected cases of anemia. 


Methods. The resistance studies in. hypotonic sodium chlorid were 
method recently described^^ in which a 0.1 cc. sample 
washed red cells in 0.85% sodium chlorid solution 
^ graded series of 1 cc. samples of hypotonic sodium 
rtf ’ H ® ^ resistance studies 1 cc. of a known suspension (30 or 40 %) 

1 added to each of a graded series of hypotonic 

rtf' plasma was rendered hypotonic by the addition 
distilled water. . In both methods, after thorough mixing, the tubes of 
cell suspension were allowed to stand for 1 hour. After a careful rSuspem 

H^nSd Sedgivick Minot Fellowship of 
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sion of the cells, red cell counts and retjculoc}’te preparations were taken 
from each tube in quick succession. 

The red blood cell counts in the hypotonic sodium chlorid suspensions 
were made in white blood cell pipettes using dilutions of 1 to 20 or l_to 10. 
For the plasma suspensions the counts were taken in red blood cell pipettes 
in dilutions of 1 to 100 or 1 to 200. The error due to the counting of the red 
cells and to ^stribution when such low values are obtained is comparatively 
large as has been determined pre\dously.“ The standard de\dation, when 
two chambers of 5 squares each are counted, varies from ±60,000 for a 
count of 750,000 per c.mm. to ± 108,000 for a count of 3,000,000. When 
the counts were in the vicmit 3 ’’ of 100,000 or 150,000, as in the sodium 
chlorid suspensions, they were made in white blood cell pipettes and the 
standard de%dations were ±7,000 and ±8,000, respectively. 

Preparations for reticulocjde counts were made on cover slips upon 
which a drop of a 0.5% alcohohc solution of brilliant cres}'! blue had evapor- 
ated to drjmess. The dried blood films were counterstained with Wright’s 
stain and at least 1000 red cells counted to determine the percentage of 
reticulocjdes. The counting of reticulocji;es on smears made from the 
more hypotonic solutions is difficult because of the presence among the 
other cells of shadow cells or hemolj'zed cells. Only intact cells containing 
hemoglobin were counted whether reticulum appeared to be present or not. 
The standard de^^ation for one individual counting the reticulocytes 
(1000 red cells) in 10 consecutive smears taken on capillarj’^ blood of 1 
patient was ±0.7 % at a level of 10.5%, reticulocytes. The standard deAua- 
tion of counting the reticulocytes in 10 consecutive samples taken from a 
suspension of cells was ±2.6%. with a count of 22% reticulocytes. _ The 
mixing of the sample introduces another error to the simple counting of 
reticulocytes. 

Results. The results of 100 resistance observations are pre- 
sented in Chart I. This group includes 38 observations in 19 cases 
of hypochromic anemia, 38 in 19 cases of pernicious anemia before 
treatment and in 2 cases during the response of the reticulocytes to 
potent therapy, and 24 in 15 cases of hereditary or acquired hemo- 
lytic jaundice. The absolute number of reticulocytes is plotted as 
abscissa against the minimum resistance or trace of hemolysis and 
against the maximum resistance or complete hemolysis as ordinate. 
Chart I shows no evident relation between the number of reticulo- 
cjTes and the minimum or the maximum resistances, although the 
number of reticulocytes varied from normal values (under 50,000) to 
800,000 per c.mm. If the reticulocytes were responsible for the 
decrease from the normal minimum or the increase from the normal 
maximum resistance some correlation should appear. Studies of 
this kind show no constant relationship between the number of 
reticulocytes and the resistance to hemolysis of the total cell popu- 
lation. 

An attempt w-as made to determine whether the reticulocytes 
were more or less resistant than the red cells as a whole by deter- 
mination of the relative proportion of reticulated and non-reticu- 
lated cells surviving in successive hj^potonic solutions. The results 
of studies in hjqpotonic solutions of sodium chlorid are shown in 
Table 1 and those in hjqpotonic solutions of plasma, in Table 2. 
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The red cell resistance has been shown to vary at the time of a 
reticulocyte response. If the reticulocytes have the same 
ance as the adult red cells, the percentage -of reticulocytes should 
be constant in all the hj^Dotonic solutions; if the reticulocytes aie 
more resistant than the red cells, their percentage should be in- 
creased in the lower concentrations ; and if the reticulocytes ai e less 
resistant than the red cells, their percentage should be decreased 
as the solutions become more hjfpotonic. 
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ceils to hypotonic solutions of sodium chlorid. 

• Qo in hereditary and acquired hemolytic jaundice. 

^ observations in pernicious anemia. 

0 observations in hypochromic anemia. 


he cells of 3 cases of pernicious anemia (Table 1) wmre studied 
e ore, during, and after the response of the reticulocytes to potent' 
^ percentage of reticulocytes in .the hj^iotonic 
olutions IS practically constant at each of the 3 observations. In 
« se the percentage of reticrdocytes increased in the low^er dilu- 
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tions in the first 2 of tlie 3 olisen’ations. In (.'ase 3, the first observa- 
tion showed a definite increase of the percentage of reticulocjdes 
in the more hj^potonic solutions, and the second observation only a 
moderate increase in their percentage. Therefore, in certain in- 
stances the reticulocytes during remission in pernicious anemia 
appear to be somewhat more resistant than the red cells as a whole. 
In the same patient, however, the reticuloc^Tes are apparently 
more resistant at some times than at others. At times no demon- 
strable difference between the resistance of the reticulocytes and 
that of the total red blood cell population can be ascertained by 
this method. 


Table 1.— Comparative Resistance op Red Blood Cells and Reticdlocvtes 
TO Htpotonic Solutions of Sodium Chlorid. Three Cases op Pernicious 
Anemia. 






Case 1. 







Thrt'e Days Before Peak 


At Peak 


Three Days After Peak 


of Reticulqcj’te Response. 

of Reticulocyte Response. 

of Retjculotytc Respoase. 


R. B. C. 

Rcticulocv'tcs, 

R. B. C. 

Reticulocytes, 

R. B. C. 

Reticulocytes. 

NaCi. 

in millions 

„ — 

. 

in millions 

^ Jw, 

— 

in millions 


., 

U- 

per c.mm. 

pere.mm. 

‘/c- 

per e.mm. 

pere.mm. 


pere.mm. 

per e.mm. 

C’ 

/e* 

0.85 . 

. . 0.U8 

13,210 

11.2 

1) 161 



0.111 

9,708 

8.8 

0.80 . 

. 0 117 



II 172 

4i'.624 

24 2 

0.112 

10,080 

9.0 

0.70 . 

. 0 124 



0 177 

49,200 

27 8 

0.12S 


0.60 

. . 0 127 



0 163 

.50,204 

30 8 

0.115 

9,430 

8;2 

0.50 . 

0,127 

10,8.30 

13 ’2 

0 120 

27,216 

21 0 

0,137 

10,900 

8.0 

0.40 . 

, . 0 OSO 

13,524 

16 8 

0.101 

28,084 

28,4 

0.053 

4,399 

8.3 

0.36 . 

0.040 

7,030 

10 0 

0 052 

15,000 

30 0 







Case 2. 







Two Days Before Peak 


At Peak 


Two Days After Peak 


of Rcticulocj’te Response. 

of Rcticulocjie Response. 

of Reticulocyte Response. 

0.85 . 

. . 0.093 



0 129 

22,440 

17.4 

0,110 

10,610 

15.1 

0.80 . 

. . 0.103 

. . 


0.118 

25,000 

21.7 

0.114 


0.70 . 

0.001 

11,102 

12.2 

0 105 

17,850 

17,0 

0.097 

1C;3S0 

ig !8 

0.60 . 

. . fl.OSlj 

7,705 

9.3 

0 104 

21,528 

20,7 

0.110 

15,080 

13.0 

0.50 . 

, 0.100 

9,015 

9 0 

0 105 

20,475 

19.5 



0.40 . 

0.062 

0,820 

n.o 

0 104 

21,008 

20,2 

0.057 

LSOO 

13.7 

0.34 . 

. . 0.023 

2,890 

12.3 

0.027 

10,807 

39.3 



0.32 . 

. 0.013 

3,159 

23.4 

Case 3. 







Two Days Before Peak 


At Peak 






of Reticufocyte Response. 

of Reticulocjic Response. 




0 85 . 

. . 0.141 

12,690 

9.0 

0.118 

17,736 

15.2 




0.80 . 

0.140 


0.102 

20,190 

19,8 




0.70 

0 125 

17.660 

16' 6 

0.104 

19,700 

19.0 




0 GO 

. 0,134 

16,080 

12.0 

0,100 

20,908 

19.8 




0 50 . 

0.119 

15,232 

12.8 






0 40 . 

. . 0 107 

15,408 

14.4 

0 094 

14,776 

ih'.i 




0.3G . 

0.033 

8,710 

26,0 

0.039 

0,0.30 

ir.n 



— 

0 32 . 

0 017 

5,678 

33.4 

0.019 

4,440 

23 4 





In Table 2 are presented the results of determination of the reticu- 
locyte resistance in various conditions with increased numbers of 
reticulocytes. In 3 observations on 2 cases of pernicious anemia 
the percentage of reticulocytes increased in the lower saline dilu- 
tions while in 2 other cases the percentage of reticulocytes was 
quite constant. These results suggest similar conclusions in regard 
to the resistance of reticulocj'tes to those drawn from the observa- 
tions in Table 1. 

Two sets of obser\'ations on the blood of a case of acquired hemo- 
lytic jaundice, which contained from 20 to 68% reticulocytes over 
a period of 4 months showed an opposite tendency. In both exper- 
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iments the percentage of reticuloc^4;es was very definitely decreased 
in the more hj'potonic solutions, i. e., they were less resistant than 
the red blood cell population as a whole. 

In 1 case each of hereditary hemolytic jaundice, arsenic poisoning, 
erythroblastic (Cooley’s) anemia, hj^iochromic anemia, and acute 
blood loss, and in 2 examples of repeated blood loss in rabbits the 
percentage of reticulocytes remained quite constant in the lon'er 
dilutions of hjqiotonic plasma. Apparently there was no striking 
difference between the resistance of the reticulocytes and that of 
non-reticulated cells in this last group of cases studied. 

Discussion. There are many sources of error in counting reticulo- 
cytes in lijqjotonic solution which may be responsible for the di^"er- 
gent results of many investigators. When hemoglobin is removed 
from the red cell by hemolysis a shell or shadow form remains. 
The reticulum-like material, stained with brilliant cresyl blue, pei- 
sists, so that the first impression in looking at the cells in the sedi- 
ments of hemolyzed blood is that none of the reticulocytes has been 
hemolyzed. This may account for the conclusions in the early 
work of Chauffard and Fiessinger'“ that reticulocytes were more 
resistant than the other cells. 

Key'° pointed out that the laked cells floated above the nou- 
laked cells in the sediments in hypotonic solutions. Sampling the 
top layer, he indicated, might have led to the erroneous conclusion 
of certain investigators that the reticulocytes were more resistant 
than non-reticulocytes. When the sediments were thoroughly mixed 
no constant difference could be observed between reticulocytes 
and non-retiailocytes in respect to their resistance. 

Some investigators^ have employed a method in which salt 
solutions containing cresyl blue in solution were used. With “high 
dry” magnification or in fresh preparations, it is difficult to dis- 
tinguish in the counting chamber the reticulocytes that have been 
laked from those that have retained their hemoglobin. Moreo\’^er, 
the oldest reticulocytes, which have only a small amount of punc- 
tate reticulum'® cannot be discerned under “high dry” power and 
therefore a smaller number of reticulocytes is counted than is 
actually present. 

Buckman and McNaugher'* report experiments with defibrinated 
blood incubated at 37° C. for 12 hours. The decrease in the number 
of reticulocjffes at the end of 12 hours, which is interpreted as 
evidence of decreased cell resistance, is no more than could be 
expected by the normal maturation of these young cells.'® 

hlany conclusions in regard to the resistance of red cells have 
been drawn from the coincident occurrence of reticulocytes and 
diminished resistance or increased resistance to hemolysis. The 
early work of Chauffard' assumed that since reticulocytes were 
increased and resistance was decreased in hemolytic jaundice there 
was a relationship. Cathala and Daunay^' found increased reticulo- 
cj-te counts and diminished resistance of red cells in infants at 
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birth, and came to similar conclusions. Other observers correlated 
increased resistance of the red blood cells with the increase of reticu- 
locytes after repeated venesections.'*’® _ /> *• i 

Meulengracht** concluded from microscopic studies of reticulo- 
cytes in fresh preparations from the blood of patients with heino- 
lytic jaundice that there ^vas no relation between, the number of 
reticulocytes and the red cell resistance. _ _ 

It has been shown*® that alteration of both maximum and mini- 
mum resistance may take place simultaneously in the same patient 
at the time of a reticulocyte response to either iron or liver therapy. 
This alteration, however, may be due to factors not necessarily 
confined to the reticulocytes. Changes in hemoglobin content, 
volume of cells, and shape of the cells are Imown to take place at 
this time, as well as chemical and physical factors which are less 
easy to measure. Thus the heterogeneity of the cell population is 
increased not only in respect to age but also in respect to the physi- 
cal and chemical properties of the cells. In experimental and clinical 
hypochromic anemia, the volume, thiclcness and hemoglobin con- 
tent of the cells are decreased. Under these circumstances, regener- 
ation of blood in response to iron therapy may be accompanied by 
the appearance of reticulocytes which contain less than normal 
amounts of hemoglobin. On the other hand, reticulocjdes in some 
conditions, such as hereditary hemolytic jaundice, may be small and 
full of hemoglobin. Thus differences in resistance of reticulocytes 
do not seem to be due to any property peculiar to the reticulocytes 
as such (e. g., because they are young cells), but may be due to 
fundamental changes in the hemopoietic system during regeneration 
of blood which may at times affect mature cells as well as immature 
cells. 


Conclusions. 1. The absolute number of reticulocytes observed 
m 100 cases of pernicious anemia, hypochromic anemia, and hered- 
itary or acquired hemolytic jaundice showed no consistent effect 
m altering the minimum resistance or maximum resistance of the 
total red blood cell population to hypotonic sodium chlorid solutions. 

2. Actual enumeration of the relative numbers of reticulocytes and 
led cells surviving in progressive series of hypotonic solutions of 
so mm chlorid and of plasma showed that, irrespective of the disease 
present, in some bloods the reticulocytes wmre more resistant, in 
some equally resistant, and in some less resistant than the red blood 
as a whole in the cases studied. 

. • eticulocytes as well as non-reticulocytes vary in age, volume, 
nc 'ness, hemoglobin content, and probably pther physical and 
P properties in the same individual at different times, and 

n different individuals ndth varied disease conditions. Thus the 

+l,o; 1 ^ 1 reticulocytes does not necessarily determine 

leir behavior m hypotonic solutions. The reticulocytes may or 

on as a v hole. Such variations may be responsible for the diverse 
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opinions of other observers in regard to the resistance of reticulo- 
cjdes to hypotonic solutions of sodium cldorid and plasma. 
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SICKLE-CELL ANEMIA: A NEW CAUSE OF COR PULMONALE. 

Report of Ta?70 Cases With Numerous Disseminated 

OCCLUSIONS OF THE SMALL PULMONARY ARTERIES. 

By AVallace M. Yater, A.B., M.D., M.S. (in Med.), F.A.C.P., 

PROFESSOR OF MEDICINE, GEORGETOWN UNIVERSITY SCHOOL OF MEDICINE, PHYSICIAN- 
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HOSPITAL, WASHINGTON, D. C. 

AND 

George H. Hansmann, M.D., 

associate professor of PATHOLOGY, GEORGETOWN UNU^ERSITY SCHOOL OF MEDICINE. 
(From the Georgetown University School of Medicine.) 

The history of joint pains, with or without fever, the presence 
of an enlarged heart, the finding of a systolic preeordial or mitral 
murmur and the discovery of enlargement of the liver frequently 
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lead to the diagnosis of rheumatic heart disease in cases of sichle-cell 
anemia. According to Anderson and Ware a cardiac murm^ is 
present in 75% of the cases, enlargement of the liver clinically m 
53% and enlargement of the heart clinically in 489^ Joint pains 
occur at some time, often intermittently, in 51 %• Dyspnea, how- 
ever, is usually not a prominent sjTuptom, but it is common experi- 
ence that effort dyspnea is difficult to elicit in the histories of many 
Negro cardiac patients. Hamman has reported an interesting case 
of a Negro girl with sickle-cell anemia in udiich several excellent 
clinicians made the diagnosis of rheumatic heart disease, with 
failure, which was not verified by necropsy. Diggs and Ching state 
that “Clinically, organic heart disease , is often suspected, but at 
•autopsy there are no constant cardiac changes except those explain- 
able on the basis of anemia. The heart is moderately enlarged, 
the myocardium pale and flabby. On microscopic examination 
fatty degeneration and moderate scarring are noted.” These 
authors and Steinberg note that the liver is consistently moderately 
enlarged and the sinusoids distended with varying amounts of blood 
and tliat the lining endothelial cells frequently contain brown 
granules, good evidence of congestion as well as blood destruction. 

Although many patients with sickle-cell anemia die at a relatively 
early age of some intercurrent infection, particularly pneumonia 
• and pulmonary tuberculosis, a fair number die apparently as the 
result of the anemia itself. It is our belief that cardiac failure is 
often a part of the terminal picture, as evidenced by enlargement 
and dilatation of the heart and passive congestion of the liver. Our 
experience with 2 cases leads us to believe that there is usually 
something other than the severe anemia producing the cardiac 
failure, namely, hjq)ertension of the lesser chculation due to numer- 
ous occlusions of the medium-sized and small pulmonary arteries 
with subsequent hypertrophy and failure of the right heart. 

C^e Reports, Case 1 . — H. P., a Negro woman, aged 38 (?), entered 
University Hospital on February 19, 1935, complaining 
of dysp^a and swelling of the abdomen. She had attended the Out- 
patient Department from August 13, 1934, to October 20, 1934. During 
that penod of observation she had had no definite complaints — was merely 
not feeling well. She had had attacks of numbness of the feet and pains 
in the legs, but these had not occurred for several months. She did not 
recall any previous loesses except ulcers of the legs some 10 years before 
healed after a long time. Menstruation had begun- at the age 
regular but scanty until 3 years before, when it 
married 5 years but had never been pregnant, 
moderate leukorrhea. There were no cardiovascular, respiratory, 
9 liP functional disturbances, except' “eye strain,” for wliich 

rrlnftM aj; the Episcopal Eye, Ear, Nose and Throat 

f f exammation in the Out-Patient Department had been 
Sr 1 conjunctival pallor; bad dental condition; a firm, diffuse 

WuSrJtS'" masses “ tt,; 

T ip TS' ^ stohc apical murmur and a questionable presystolic rumble 
The blood pressure had been 120 systolic and 80 diastolic. UrindyS 
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showed 1+ albumin and 34- leukocytcs._ Wassennann and Kahn tests 
of the blood were negative. The hemoglobin was 54% (Sahli method), the 
erythrocytes numbered 1,850,000 per c.mm. of blood and the white blood 
cells 8200. There was great variation in the size and shape of the erjdhro- 
cytes but there were no definitely sickle-shaped cells in the fresh smear. 
After incubation of a wet smear overnight there were numerous fusifonn, 
stellate-shaped and sickle-shaped erj^throcytes characteristic of sickle-cell 
anemia. The patient was urged repeatedly to enter the hospital but would 
not do so until the onset of the final episode of her life. 

On admission to the hospital the patient stated that 3 days before severe 
dyspnea had begun, associated with swelling of the abdomen. Both 
symptoms progressed rapidIJ^ 

Physical examination revealed a well developed and nourished ortho- 
pneic Negress. The ocular fundi were essentially normal. The conjunctivai 
and buccal mucous membranes were pale. Cyanosis was not present. 
There was much dental work and some pyorrhea. The cer\4cal veins were 
markedb’’ distended, pulsated and filled from below as well as from above. 
The breasts contained the masses already noted, but the large one in the 
right breast was now fixed to the skin and the nipple was retracted. Moder- 
ately enlarged, firm lymph nodes were palpable in the right axilla. There 
was dullness in the right hemi thorax posteriorlj'^ up to the fourth interspace. 
The breath sounds were exaggerated in the interscapular space. There 
were no rales. The point of maximum intensity of the apex beat was easily 
determined to be in the sixth interspace, 11 cm. to the left of the midsternal 
line (clavicle, 15 cm.). There was a harsh systolic murmur over the pre- 
cordium, loudest at the apex, and a questionable diastolic murmur at the 
apex. The heart shifted nith change of position. The rh}4;hm was regular 
and the rate 100 beats per minute. The blood pressure was 105 systolic 
and 60 diastolic. The abdomen was verj’^ prominent in its upper portion, 
due to great enlargement of both lobes of the liver, which extended about 
7.5 cm. below the costal margins. There was apparently no ascites. There 
was no edema of the legs. Ulcers were noted on both legs. The tempera- 
ture was 100° F. 

The hemoglobin was 52% (Newcomer method), t'he ei-j-throcytes num- 
bered 2,500,000 per c.mm. of blood and the white blood cells 11,400, with 
86% neutrophils. There was marked anisocytosis and poikilocytosis. 
Urinalysis showed 44- albumin and 2+ hyalin casts. A roentgenogram ' 
showed great enlargement of the heart, both to the right and left, with a 
bulge in the region of the pulmonary conus and widening of the superior 
mediastinal shadow on the right and left, due apparentl}'^ to engorgement 
of the great veins. There was some mottling of the lung fields, suggesting 
mild congestion (Fig. 1). 

The temperature dropped to normal and remained so. The pulse rate 
became stabilized at 90 beats per minute. The orthopnea continued. Sub- 
crepitant rales appeared at the bases of both lungs posteriorly. On the 
night of Februarj^ 21 the patient became m'ldly e.xcited and complained 
of great pain in the sacral region and some in the lower abdomen, relieved 
by a hypodermic injection of morphin sulphate, 0.011 gm. (I grain). The 
blood pressure at this time was 100 systolic and 50 diastolic. Slight edema 
of the ankles developed. Death occurred at 7.40 a.m., Februarj’’ 22, 1935, 
66 hours after admission and 5 days after the apparent onset of the right 
heart failure. 

Necropsy Report. The postmortem e.xamination was performed by Dr. 
Hansmann on the unembalmed body, the same day at 11.00 a.m. The 
body was that of a well developed and nourished Negress, 155 cm. in length, 
with delicate tapering hands and feet. There was no rigor. The eyes were 
prominent and practically protruded from the sockets. The small venules 
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of the conjunctiv® and scler® stood out P^^^^ently gi^ig these struc- 
tures a duslcy appearance upon a yellowish e p p 

round and equal and measured 0.4 cm. in diameter.^ 
nail beds and mucous membranes were cyanosed and icteroid. 
of the neck were markedly distended, even the small veins of the 
ing out prominently. There was no demonstrable edema There were 
chronic ulcers laterally over the left ankle and over the right tibia. The 
right nipple was fixed to the underlying breast, and the breast, which was 
fimer than normal, was fixed t6 the underlying structures. The skin about 
the nipple was thickened and wrinkled and contained a few i^iba^y noaules. 
The right upper quadrant was particularly hard and a poorly defined mass 
was felt. The right axillary lymph nodes were hard and enlarged up to 
1.5 cm. Section of these structures revealed gray granular tissue charac- 
teristic of carcinoma. The left breast was uniformly firm. Cut section 
revealed resihent white scar tissue and a few cysts 1 cm. in diameter con- 
taining a bluish fluid. The left axiUary lymph nodes were enlarged up to 
twice normal size but were not hard. The fat over the chest and abdomen 
was very edematous and measured 0.75 cm. and 3 cm. in thickness respec- 
tively. ' 

On opening the thorax and abdomen, the serous cavities, with the excep- 
tion of the left pleural cavity, were found to contain an excess of watery 
fluid. The pericardial cavity contained about 100 cc., the right pleural 
cavity about 200 cc., and the peritoneal cavity about 500 cc. The omentum 
was adherent to the anterior abdominal waU. The uterus, tubes and ovaries 
were infantile. 

The mediastinum was markedly widened by a heart that was much more 
dilated than hypertrophied. It pushed the lungs aside. The right auricle 
participated in this widening of the mediastinum quite as much as the 
ventricles, and the right lung was obscured as much as the left. The supe- 
rior and inferior vena cav£e were markedly dilated. The opened heart, free 
of all blood clot, weighed 350 gm. The left ventricle was slightly dilated 
and hypertrophied. The right ventricle was very much dilated and hyper- 
trophied, its wall measuring 0.4 cm., while that of the left measured only 
1.2 cm.^ More important than these measurements was the tremendous 
thickening of the intracardiac muscle structures. They gave the interior 
of the heart a coarse, trabeculated appearance. The pulmonary valve 
orifice was about 1 cm. larger than normal in circumference. Other valve 
orifices appeared unaffected. The musculature of the right auricle was 
somewhat hypertrophied, especially when one considered the marked ' 
increase in the size of the cavity. The aorta contained a few young athero- 
matous plaques. The main puhnonary arteries were smooth, and the coron- 
ary arteries were apparently normal. 

The lungs were edematous, and there was definite bleeding into the alveoli 
01 the lower lobes. There was no gross area of infarction. When the lungs 
Mere sectioned, however, many thrombi in various stages -of organization 
Mere seen in the small and medium-sized arteries. These vessels were 
eindenced by firm cyhndrical structures from 1 to 2 mm. in diameter 
iich varied from granular recent red blood clot to the pearly white 
p stenmg appearance of a fuUy organized tlirombus. An individual throm- 

. several millimeters of a vessel that appeared normal else- 
Miiere. iliis nrocess wno 


was diffusely scattered throughout all lobes, 
m'flprpd these thrombi must have been great vdien one con- 
nf thp occurred in a single section and that the length 

of the mdmdual thrombi was but a few miUimeters. 

wafredS whifp contracted and finely granular. The surface 

crittv and T the pulp was very 
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The gastro-intestinal tract showed definite edema. The liver weighed 
1715 gm. It was acutety swollen, and the margins were blunted. Its 
color was deep blue streaked with yellow. The cut surface revealed opaque 
areas stained yellow in the location of the central veins. This indicated • 
extensive central necrosis with dead cells stained with bile._ The gall 
bladder was shrmrken and thickened, and the caidty contained many 
pigment stones. 

The right kidney weighed 200 gm, and the left 210 gm. They were 
somewhat globular, firm and red from passive congestion. The cut surface 
.showed shrunken areas with underljnng scars ha\dng the configuration of 
ancient small infarctions. The intervening kidney cortex appeared nomal 
except that the glomeruli were about tnice normal size and intensely con- 
gested. Near the apex of tlie pjnamids the renal substance had a wliite 
glistening appearance wliich had the toughness of scar tissue. There was 
no rdsible atheroma of the larger arteries, but there was some thickem’ng 
of the smaller arteries. The adrenals were normal in size and architecture. 
The urinary bladder was normal. 

The brain weighed 1365 gm. The surface appeared normal grossly 
except that there had been some recent diapedesis of red blood cells into 
the meninges over the right hemisphere. _ Coronal sections were made. 
There was a small area of softening 1 cm. in diameter in the left parietal 
cortex. The choroid plexms was uniformly shrunken, ashen in color and in 
places appeared as a white cord. Upon exposing the spinal canal, a fibrinous 
plaque 1 cm. in diameter was noted upon the dura in the lumbar region 
posteriorly. Gross serial sections of the cord revealed small petechice in 
the nerve trunks as they emerged from tlie cord to enter the dorsal root 
ganglia in the dorsal and lumbar regions. The posterior root ganglia ap- 
peared normal. The pituitary gland was not abnormal. 

The bone marrow from the upper one-fourth of the femur was gelatinous 
and had the appearance of edematous fat. It was distinctly gritty and 
necessitated decalcification before a section could be made. 

Microscopic examination of the formalin-fixed tissues revealed the fol- 
lo-vsnng: The muscle fibers of the myocardium Avere fragmented and some- 
AA’hat gi-anular. Some of the very thin-walled vessels were distended, giiong 
the appearance of pools of blood. _ The smaller arteries were definitely 
tortuous and the walls were hj’^alinized. The knuciding of these vessels 
caused the_ vessel to be cut across as many as 4 times in the same plane. 

Six sections taken from various parts of the lungs were studied. AH 
showed occlusion of small arteries which had been stretched before they 
became occluded. The occlusions varied from recent thrombi to completely 
organized and canalized tlu-ombi (Fig. 2, 3, 4, .5). Some small arterioles 
were thickened and hyalinized, while others were tremendously dilated 
and distended vith blood. The alveolar walls were markedly lengthened, 
due to the extreme stretching of their capillaries by erj^hrociries. The 
parenchyma had the appearance of most extrem e passive congestion . Many 
areas appeared angiomatous because of the frequent cross section of length- 
ened snarled capillaries. The red blood cells contained in these vessels 
had a bizarre appearance. The characteristic forms were very long and had 
a digital arrangement. Many times the- space between these elongated 
parallel cells was obscured and the appearance was then that of a hyalin 
thrombus of capillary size. A few of tlie thickened arteries had collections 
of hemosiderin in their wails, the consequence of old .small hemorrhages. 
There were 3 small areas of recent infarction. 

Section of the spleen necessitated dccalcification. The section revealed 
a mass of hyalinized scar tissue which contained many occluded large and 
medium-sized arteries. There Avas still some of the intense blue color in the 
Avails of some of the A'essels characteristic of calcium incrustation. The 
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^e^Y vessels Yvliicli had remained patent were closely packed with cells of 
almost every shape described in sicMe-cell anemia. 

Four sections of the liver were studied. The liver cords were markedly 
thinned. The sinusoidal spaces were dilated. Large areas appeared as a 
cavernous angioma filled with sickle cells, the intervening liver cells having 
disappeared from pressure atrophy. A iarge_ area about the central vein 
showed marked hepatic-cell injury and necrosis. The dead liver cells were 
hyalin. Neutrophils were in abundance digesting the dead cells. Injured 
cells were swollen and vacuolated. Small bile ducts were plugged "with 
inspissated bile. There was abundant hemosiderin pigment in both the 
hepatic and Kupffer cells. Vessels entering the lobule from the_ periportal 
space were tortuous. No intact red blood cells were seen within Kupffer 
cells. 

The pancreas was normal. 

The kidneys were markedly diseased. Fourteen sections were studied 
from various parts. Near the apex of the pyramids and extending quite 
deeply into the Mdney substance were plaques of dense hyalin scar tissue 
which appeared like cartilage. The rich network of capillaries had been 
destroyed, and the tubules traversing the scar had atropliied. The glomeruli 
were large and distended with sickle cells. Some of the cells were so closely 
packed, that they appeared agglutinated and resembled hyalin thrombi. 
Small granules of hemosiderin were numerous in the endothelium of the 
glomerular tufts. There were many scars in the cortex. Many glomeruli 
were partially and completely sclerosed. Arterioles entering these areas 
were thickened and tortuous. The sclerosed glomeruli frequently had 
streaks of hemosiderin in them. It appeared that the glomeruli had become 
sclerosed while they were distended with blood. The lining cells of the 
convoluted tubules contained a great deal of hemosiderin. 

Section of the breast revealed a scirrhous carcinoma, and the lympli 
nodes in the axilla were replaced by a mass of medullary glandular epithelial 
tissue. The lymph nodes from the bifurcation of the trachea were tubercu- 
lous. The axillary lymph nodes from the left axilla were hyperplastic. 
The endothelial cells of the sinuses contained hemosiderin, but no intact 
phagocytosed sickle cells were seen. 

The bone ruarrow was made up largely of hyalin connective tissue similar 
to that seen in the kidney and spleen. It was necessary to decalcify’- this 
tissue before a section could be made. The section contained only a few’ 
small spicules of bone. It would appear that most of the calcium wdiich 
the fresh tissue contained was incrusted calcium rather than calcium laid 
down in bone matrix in the normal process of ossification. Along one margin 
’Was a thin staff of active bone marrow. Between the herhatopoietic cells 
''rere large pools of sickled cells. 

A section of the aorta appeared normal. 

The cortex of the brain revealed meningeal vessels distended w4th blood, 
tew sections showed a tliin layer of diapedesed blood over the surface 
1 the cortex. The vessels were so tortuous that as many as 8 cross 
ctions of the same vessel were seen in a single space. Two vessels had 
P^^socytes filled with hemosiderin about them. There was 1 
an area of recent softening. In the marginal zone of the cortex were 
elm °iononuclear^ cells filled with a reddish-browm pigment. The 

cale^?, practically sclerosed and was markedly incrusted with 

lesion here was similar to the lesion in the spleen. 
rhafri^!r,+ appeared normal. The cord showed a small hemor- 

horn “®“tiges in the lumbar region. A nerve cell in the anterior 

and ID the process of degeneration. About it was an area of edema 

contained diffusely an tmusual number of 
I amyiacea, w’hich were particularly numerous in the posterior 
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columns. There was an area of hemorrhage on the inner surface of the 
dura. The vessels in the nerve trunks were packed with siclde cells. 

In view of the interesting findings in Case 1, and recalling the 
enlargement of the liver in the case previously reported by Yater 
and Mollari, we reviewed that case from the standpoint of pulmon- 
ary vascular lesions and the right side of the heart. A brief abstract 
of the history follows. 

Case 2.~S. C., a Negro woman, aged 25, entered Georgetown University 
Hospital on November 18, 1929, because of severe pains in both legs. She 
was about 6 months’ pregnant. She had had these pains in the legs inter- 
^ mittently since earlj'- childhood. At the age of 14 she had been operated 
* on in the hospital for an “osteomyelitis” of the distal third of the left tibia. 
Two years before she had entered the hospital because of bleeding folloTOng 
a miscarriage at 6 months. At this time she was very ill and had a septic 
temperature for 7 weeks. Her hemoglobin went as low as 12%, vdth 
950,000 erjdlrrocytes per c.mm. Following this illness she had never been 
strong and was always dyspneic on exertion. 

On the last admission her temperature was 101® F., and the pulse 120 
per minute. The blood pressure was 115 systolic and 65 diastolic. The 
heart was slightlj"- enlarged to the left, the apex beat was diffuse, and a soft 
systolic murmur was heard at the apex. The liver was not palpable. There 
was no evidence of congestion. Blood examination showed 44 % hemoglobin 
(Dare method), 2,570,000 erjdhrocytes per c.mm., and 14,800 white blood 
cells per c.mm. Sickling was seen in fresh smears. Wassermann and Kahn 
tests of the blood were negative. The electrocardiogram showed only sinus 
tachycardia. 

The patient was in the hospital 64 weeks until her death, with practically 
continuous and excruciating pains in the legs. The temperature fluctuated, 
but usually each day it rose to a point never over 101° F. The pulse rate 
varied continuously between 100 and 140 beats per minute. After 34 weeks 
the patient miscarried spontaneously. Eighteen hours before death she 
suddenly vomited and began to complain of severe pain in the right side 
of the abdomen anteriorly and mainly in the region of the liver. A resist- 
ance was felt in the upper half of the abdomen suggestive of enlargement of 
the liver, which had not pre^usly been noted. The pain continued until 
death, the pulse rate and temperature steadily falling. 

Necropsy Report. There was edema. Grade 2, over the tibias. Cyanosis 
was not present. A small amount of clear, straw-colored fluid escaped 
when the abdominal ca^^ty was'opened. The liver was seen to fill the whole 
upper half of the abdomen, reaclung below the costal margin in the right 
midcla\4cular line 14.5 cm., in the left midcla^dcular line 12 cm., and in the 
median line 18.5 cm. below the tip of the xiphoid process. 

The pericardial sac measured 15.5 cm. in its transverse diameter and 
contained about 125 cc. of clear, straw-colored fluid. The heart weighed 
379 gm. All cavities were distended with blood. The right ventricle 
was dilated Grade 3, the left Grade 2. The tricuspid orifice admitted 4 
fingers, the mitral orifice 3. The right v^entricle was definitely hyper- 
trophied. The tliickness of the left ventricle was 1.2 cm. in its mid portion, 
the right_0.55 cm. The muscle was reddish-brown and fairly film. The 
endocardium and valves appeared normal. The aortic orifice measured 
5 cm. in circumference, the puhnonic 7 cm. The coronary arteries were soft. 

The lungs were emplysematous, Grade 2, in both upper lobes. Nothing 
otherwise notable was recorded except an area of bronchiectasis. They 
were not saved. 

The spleen weighed 35 gm. and was tjiiical of advanced sickle-cell anemia. 




Fig. 1 .— Case 1. Greatly enlarged heart with bulge in the region of the pul- 
monary artery and widening of the superior mediastinal shadow due to venous en- 
gorgement. 



Fig. 2 3 

^ “edium-sized pulmonary artery containing a recent thrombus 
wnicli IS undergoing organization at one point. (X 70.) 

(xTis) artery filled with an organized thrombus. 






Fio. 4 Fig. 5 

Fig. 4.~Case 1. A small pulmonary arteiy completely recanalized. (X 170.) 

Fig. 5.~Case 1. Cross sections of a small reeanalized pulmonary artery. (X 105.) 



Fig. C 


Fig. 7 


Fig. 6. — Case 1. Sclerotic choroid ple.vus with calcium incrustations. (X 135.) 
Fig, 7. — Case 2. A representative arteriole in the lung with a greatly thickened 
wall, early degenerative changes and a small lumen. (X 1050.) 
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The liver weighed 2090 gm. It was reddish-brown with distinct yellow 
mottling throughout. The large veins were entirely empty, but dark clots 
filled many of the bloodvessels and were practically extruded when the cut 
was made. The gastro-intestinal tract was not remarkable. 

The kidneys presented the same appearance as those of Case 1, but con- 
tained some fresh infarcts. 

Microscopic examination showed engorgement of the capillaries of all 
of the organs. ,The spleen as previously described was the typical spleen 
of advanced sickle-cell anemia. 

The myocardium showed fragmentation of the fibers. 

The cords of liver cells were narrower than normal, and the sinuses were 
distended and in general fiUed with sickle-shaped erythrocytes. The picture 
was that of severe congestion. There were small "pools of blood" here and 
there. A more complete description appears in the report of Yater and 
MoUari. 

The kidneys were similar to those of Case 1. 

There was only one section of the lung. This showed engorgement of the 
capillaries of the alveolar walls, but most interesting were the arteries and 
arterioles. The medium-sized and small arteries had greatly tliickened 
walls and were apparently quite tortuous. There were no old or recent 
thrombi in the section, nor was there clear cut evidence of ancient organi- 
zation and canahzation. The arterioles presented the appearance as seen 
in the arterioles of the kidneys in essential hypertension. There was 
great hypertrophy of the media with early degenerative changes. The 
lumens were greatly reduced in diameter (Fig. 7). 

In Case 1 the histologic appearance of the medium-sized and 
small pulmonary arteries wms suggestive of non-inflammatory 
thrombo-angiitis obliterans. Many of the vessels had been the 
site of a patchy thrombosis which had led to organization and 
recanalization. Others were in various stages of organization. 
Many fresh thrombi were present, and it was probably the sudden 
occurrence of these which caused the right ventricle, already work- 
ing against obstruction in the pulmonary arterial tree, to fail entirely. 
We felt that the thrombotic phenomena and their sequelte of organ- 
ization and canalization were features of sickle-cell anemia, and 
our conviction was verified by the discovery of vascular changes in 
the lungs of Case 2. 

In Case 2, although in the tissue material available there were 
no pulmonary arteries which contained fresh or organizing thrombi, 
the medium-sized and small arteries showed evidence of ancient 
Ranges which wmre probably due to thrombosis and organization. 
4 he arterioles all showed great medial hypertrophy and diminution 
in the diameter of their lumens. These arteriolar changes w'^ere 
probably secondary to the hypertension in the pulmonary circula- 
tion resulting from the obstruction in the medium-sized and small 
arterip, and may have represented compensatory changes to prevent 
overdistention of the arterioles. The arterioles were similar to 
those in the lungs of 2 cases described by Yater and Constam in 
winch sickle-cell anemia did not exist. 

n the origmal report of Yater and Moilari of Case 2 note was 
no made of the pulmonary vascular changes nor of the hypertronliv 
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of the right ventricle. The former were recorded in the original 
protocol but were not regarded as of sufficient importance to com- 
ment upon in the published report. The hypertrophy of the right 
ventricle was overlooked. We feel that the splenic lesions in siclde- 
celi anemia have been overemphasized and that other authors 
may have also been overlooking the pulmonary and cardiac lesions. 

Cyanosis was not observed during life in either of the cases here 
reported. In this respect tlie cases did not present the tj^iical 
picture of right heart failure known as Ayerza’s syndrome. There 
is a striking difference, however, between the ordinary case of 
Ayerza’s sjmdrome and the cardiac picture in sickle-cell anemia, 
namely, that in the one there is polycythemia and in the other 
usually severe anemia. Also, the usual case of cor pulmonale due 
to pulmonary arteriolar sclerosis is one in wliich dyspnea has 
occurred for months or years before death. The patient with severe 
sickle-cell anemia, however, dies usually before he can develop the 
full-blown pictm-e of chronic right heart failure. 

In reviewing the literature on the pathology of sickle-cell anemia 
we find reference by Steinberg to “marked congestion of the capillaries 
and the larger vessels (of the lungs) and the presence of serum 
in some alveoli” as constant observations in 5 cases in which descrip- 
tions of the lungs, free of pneumonia or tuberculosis, were given. 
Steinberg states that “In my patient, the small and medium-sized 
pulmonary vessels contained fresh or organized blood thrombi with 
an occasional one canalized, and as a consequence there were fresh 
and old infarcts. The cause of the thrombosis may have been 
either the abnormal and weakened myocardium or the tendencj’' 
of the sickle-shaped red blood. cells to agglutinate.” Diggs and 
Ching state that ‘AVith the exception of sickled cells and tlie in- 
creased frequency of thrombi and infarcts the lung presents no 
unusual features. Pneumonia and tuberculosis are frequent.” 

Thrombotic phenomena are important episodes in tlie life history 
of patients with sicMe-cell anemia. The organ most severely 
affected is the spleen. In a personal communication Diggs states 
that “Obliterative vascular changes and thrombi are surely a part 
of the pathological picture of sickle-cell anemia. We hai’^e observed 
organized and multiple thrombi in ^ the lungs and in the spleen. 
The leg ulcers probablj'’ have thrombosis as part of their mechanism, 
and the patchy bone changes are those that would be associated 
with circulatory stasis. I have not noticed arteriolar sclerotic 
processes in the various organs except the spleen, but it is possible 
that it is generalized. The enlarged hearts these patients have and 
tlie maintenance of normal blood pressures in spite of verj’’ severe 
anemia and myocardial degenerative changes speak for peripheral 
resistance. I have thought that tlie shape of the cells was the expla- 
nation, and that the distorted, elongated forms favored stasis every- 
where.” 

In Case 1 we have noted the same changes in the choroid ple.xus 
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as are 
nervous 


found in tire spleen in advanced cases. The pathology ot the 
nervuus system has not been adequately studied, but vascular 
phenomena have been observed clinically in the forin qi subarach- 
noid hemorrhage with cerebral softening in 1 child by Cook, and 
as hemiplegia associated with other cerebral disturbances m 3 
children by Arena. It is possible that the abdominal crises and 
other pains may be due to vascular disturbances in the nervous 
system such as we noted in Case l._ Leivy and Schnabel have 
suggested the possibility of such an origin. 

The puckered surface of the kidneys which is so frequently present 
is undoubtedly due to obliteration of the small arteries. The scars 
near the apices of the pyramids seem to be due to obliteration of the 
capillary bed between the collecting tubules. The engorgement 
of the capillaries of many organs attests the general vascular stasis. 

The cause of the tendency to capillary engorgement and arterial 
thromboses is not definitelj'' known. Diggs’ theory that the distorted 
shape of the erythrocytes prevents their ready passage through 
the capillaries is probably a large factor in the general vascular 
stasis, aided by the apparent tendencj'- of the cells to agglutinate. 
The studies of Scriver and Waugh are confirmatory of the prob- 
ability that the degree of oxygen unsaturation is a large factor in the 
amount of sickling in vim. Undoubtedly there is an increase in the 
degree of sickling in vivo from time to time depending upon the 
degree of capillary stasis and other factors. The amount of sickling 
seen in fresh blood smears probably does not represent the actual 
amount of sickling in the circulating blood, since the oxygen content of 
air tends to restore the shape of the erythrocytes. The study of the 
2 cases here reported reveals the fact that the small arteries of 
practically all organs have been placed under severe prolonged 
strain, as evidenced by lengthening, tortuositjq hyalinization, 
hemorrhage into their walls and thrombosis. The site of the greatest 
stasis and obstruction is undoubtedly the capillary bed, through 
which the distorted erythrocytes have the greatest difficulty in 
passing. The burden placed upon the small arteries would explain 
well the vascular pathology. 

Sui^aty and Conclusions, 1. Two cases of sickle-cell anemia 
with hjqiertrophy and failure of the right side of the heart have 
been reported. In one, the heart failure was acute and manifested 
y orthopnea, great enlargement of the liver and dilatation of the 
heart. In the other, heart failure was not suspected clinically 
ecause of absence of orthopnea, but the liver became greatly 
swollm. Cyanosis was not present in either in life. 

w. Ihe cause of the right heart strain in the first case was throm- 
3otic occlusions of the small and medium-sized arteries of the lungs 
vith organization and canalization of discrete thrombi which had 
ormed from time to time. The heart failure was apparently pre- 
cjpitated by a final crop of fresh thromboses. The cause of the 
riglit heart failure m the second case was thickening of the walls 
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of the small and medium-sized arteries and the arterioles of the 
lungs with reduction in their lumens^ but thromboses were not 
present in the tissue studied. 

3. The absence of cj^anosis is probablj^ explained by the severe 
anemia, which prevents sufficient concentration of reduced hemo- 
globin to produce the picture of Ayerza’s sjmdrome. 

4. Right heart failure due to vascular changes in the lungs 
must be common in cases of siclde-cell anemia, since many of the 
patients have enlarged hearts, systolic murmurs and hepatomegaly. 

5. Capillary stasis due to distortion and agglutination of erythro- 
cytes is probably the essential factor in the changes described in the 
small arteries. 

6. Changes in the nervous system are described in the first case, 
among which are the same lesions in the choroid plexus as are seen 
in the spleen in cases of advanced siclde-cell anemia. 

7. The changes in the bone marrow differed from those previously 
reported in that they also were similar to those observed in the 
spleen. ■ 
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THE ELECTROCARDIOGRAM IN FEVER. 

Changes in Induced Hyperpyeexia. 

By Harry Vesell, M.D., 

cardiologist AKD associate physician, BETH ISRAEL HOSPITAL, 

AND 

William Bierman, M.D., 

DinECTon or phvsioxhbbapv, bbth Israel hospital, new yokk. 

(From the Department of Physical Therapy and the Cardiographic Department of 

the Beth Israel Hospital.) 

The use of hyperpyrexia induced by physical means in the treat- 
ment of various ailments, has afforded us the opportunity of studying 
the changes. in the electrocardiogram produced by fever uncompli- 
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cated by acute infection. Though this subject has considerable 
practical clinical importance as well as physiologic interest, it has 
been given little attention. Medical literature contains but le'v 
references and they deal almost entirely with animal experi- 

We studied the changes occurring in 10 patients who could not 
be necessarily regarded as strictly normal^ from the caidiac point o 
Anew, though the physical examination of the heart revealed no 
abnormalities and the electrocardiogram showed no significant 
changes. However, 1 case in which the P-R interval was prolonged 
was purposely included. All patients were afebrile. 

The systemic temperature was elevated by means of diathermy 
and photothermy (Bierman®-®). The rectal temperature ivas 
raised to between 104 to 106.5° F. for a period varying from 3 to 5 
hours. The electrocardiograms were taken before the establish- 
ment of the fever, at hourly intervals during its maintenance and 
shortly thereafter. An average of about 10 electrocardiograms 
were made during each fever session. During the recordmg, the 
diathermy current was discontinued and the patient was disturbed 
as little as possible. In several cases a small dose of a barbital 
compound had been given. 

Rate Changes. With the inauguration of fever, the heart rate 
increased rapidly. In a previous series® of 500 cases it averaged 
8.5 beats per minute for each degree Fahrenlieit temperature 
elevation. 

Bazett^ observed in animals, that on the ascent of the fever, at 
the same temperature, the pulse was usually more rapid than when 
the fever was on its way down. Our findings were in accord with 
this. The maximum rate to which the pulse rose wms usually 
between 146 and 162. 

Electrocardiographic Changes. P wave. The amplitude changes were 
slight and not always in the same direction. In Lead I, the P wave be- 
came taller in 5 cases and smaller in 5, the greatest variations were an 
increase of 1 mm. and a decrease of .4 mm. 

In bead II, the P wave amplitude was increased in 3, diminished in 3 
^'•+1 and diminished in 3 cases; in 1 case because of merging 

witn the T wave, the P W'ave could not be accurately measured. The 
mamnum variations for Lead II were an increase of 1 mm. and a decrease 
of .6 mm. 

In Lead III, the P wave was more often increased in size. There were 
creases m 7 cases. In _1,_ the amplitude was diminished and in 2 it was 
1 increased and dmunislied. Here the maximum change w'as from 
~b4 to + .8, and increase of 2.2 mm. 

^ showed less variation. In most cases, slight 
t eSf?n^;ni ' ^ -02 second. In Leads I and II, 

mom ™ diminished in an equal number, wliile in Lead III 

incrcam fromT4^to^n? The greatest variation w^as .04 second, an 

^ decrease from .07 to .03 second. 

e.\ception. it tended to paraUel the temperature change. The greatest 
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reduction was .07 second, from .19 to .12 second. In 1 patient in wliom 
the P-R interval was abnormal, .22 second, tliis interval was reduced to 
mtliin the normal range during the fever. 

Q-R-S. The amplitude of the Q wave in Lead I was unchanged in most 
cases. In 1 it was slightly increased (.7 mm.) and in 2 slightly diminished 
(.3 mm. and .9 n^.). In Lead II, it was unchanged in 5 cases, slightly 
increased in size in 3 and showed both increases and decreases in 2 cases. 
In Lead III, Q became deeper in 7 cases in 1 of wliich (B. M.) it increased 
sufficiently to fulfill the criteria for “prominent or significant Q,.” Its size 
was diminished in 1 case and unchanged in 2. 

The R wave tended to Irecome smaller with the increase in temperature 
of the patient. 

In Lead I, the R amplitude was reduced in 5 cases, in 3 of which it was 
reduced to the normal borderline of 5 mm. or below. The greatest reduction 
was one of 6.5 nun., from 17 to 10.5 mm. In only 1 case was it increased. 

In Lead II, R was decreased in size in 7 cases, in 2 of which it was reduced 
to 5 mm. or less; the ma.vimum change was 7 mm. (10. to 3.). There was 
also an increase in 1 case and both increases and decreases in 2. 

In Lead III, R was reduced in 5, 2 to below the normal borderline of 5 mm. 
In 2 cases, there were increases, both from below 5 mm. to above. In the 
remaining 3 cases it was both increased and decreased in each. These 
effects were not due to changes in the electrical a.xis which varied little. 
No slurring was produced. 

The S wave showed a general tendencj'^ to be slight^ increased in ampli- 
tude in Leads I and III. It was equally slightly increased and decreased 
in size in Lead II. The maximum variations were 2 to 3 mm. in Leads I and 
II, and 4.5 mm. in Lead III. 

The general tendency for the Q-R-S interval was to become diminished 
as the body temperature rose. The maximum change was .04 second from 
a duration of .08 second to one of .04 second. 

In the few remaining instances, there was either a slight increase in 
duration or no change at all. 

R-T Phase. The RT level was depressed by the fever in Leads I and II 
in almost every case. In no instance was it elevated. 

In Lead III, however, it was elevated in 5 cases, depressed in 2 and showed 
no deviation in 3. 

The maximum variation was .6 mm., the usual .3 mm. The RT duration 
was decreased in all cases in Lead I. In Leads II and III it was diminished 
in 5 each — increased in 3 each, and both increased and decreased in 1 each. 

T Wave. The T wave amplitude in Lead I had the same incidence of 
increases as decreases. In Lead II, it was slightly more often increased 
and in Lead III, much more often increased. The maximum increase was 
4.5 mm.; that in Lead III. The maximum reduction was 3 mm., also in 
Lead III. 

In 3 instances, in Leads I and II, T was reduced from a normal to an 
undersized wave, 1 mm. or less. In 2 instances, it was enlarged from a 
borderline size to one well above. 


Legend for Tables — Leads I, II and III. 

The galvanometer is standardized to give an excursion of 1 cm. for 1 millivolt. All 
amplitude and level displacement measurements are in millimeters. All wave dura- 
tion and intor%'al measurements are in seconds. The first row for each patient, is 
the control reading taken before the teginning of temperature elevation. The second 
row records the maximum change during the temperature elevation; if both an in- 
crease and a decrease were present — both are recorded, b =biphasic; M emerged 
with T or P war-e ; * receh-ed morphia sulphate gr. L The skin resistance was alrrays 
between 1000 and 2000 ohms. 
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In 1 instance a 2 mm. T wave was flattened to the isoelectric level and in 
another a 2 mm. erect T waA''e was made biphasic. 

In Lead III, in 3 instances an inverted T wave became erect. 

Both increases and decreases occurred in each of 3 cases in Lead I, 2 cases 
in Lead II, and 4 in Lead III. 

The duration of the T wave was only slightly more often diminished than 
increased (10 to 8). In Leads I, II and III, there were decreases in 5, 4 and 
1 case respectively, and increases in 3, 3 and 2 cases. In the remainder, 
both increases and decreases were present in each case. 

The T-Q periods from the end of the T wave to the beginning of the 
complex, the period of diastole, naturally diminished vdtli the in- 
crease in rate. The relative change here, however, was greater than the 
relative change of the whole cj’-cle length. The greatest diastolic reduction 
was from .68 to .15 second, over 78%, whereas the cycle length (R-B) was 
reduced only 50%, from .84 to .42 second for the same cycle. 

From the above analysis and from references to the tables it is readily 
seen that fever, particularly the higher fevers, occasionally affected the 
electrocardiogram significantly. Some normal wave ampUtudes and inter- 
vals, have become abnormal under its influence. Several abnormal values 
too were so altered as to come vithin the normal range. Expecially striking 
was this for the R and T wave amphtudes, the P-R interval and in 1 case 
the Qa depth. The appended table indicates in some detail the changes that 
occurred. Because of the small number of cases it is incomplete, but at 
present does give some idea of changes that may be attributed to fever. 

Many of the electrocardiograpliic changes are probably due to the in- 
crease in rate. We have seen most of these P, Q~R~S and T wave changes 
produced bj’’ simple sinus tachycardia caused by exercise in a normal afebrile 
adult. However, we do not believe that the rate increase explains all. 
The group of chemical and physiolo^c changes which take place in fever, 
undoubtedly contribute to and modify the electrocardiographic effects of 
increased rate. These are especially the alterations in blood and tissue pH, 
carbon dioxid and lactic acid content,^-®-® etc., and in addition the changes 
in metabohsm, blood pressure, blood flow and cardiac output.’ 

The electrocardiograpliic variations pretty much paralleled the tem- 
perature and rate changes. Starting with the beginning of the fever, they 
gradually reached their maximum at about the height of the temperature 
and receded with the temperature, frequent^’’ with some lag. 

In most cases, there w'as a return, of the electrocardiogram to the pre- 
treatment appearance either immediately upon the cessation of the fever 
or shortly after. Alterations of interval w’ere restored more promptly than 
the alterations of amplitude. No change w'as permanent. From these 
electrocardiographic changes, it cannot be inferred that any cardiac damage 
had been produced by the hyperpyrexia. 

Summary and Conclusion. Observations w'ere made on changes 
in electrocardiograms produced by fever of between 104 to 106.5° F., 
of 3 to 5 hours’ duration, induced by physical means. 

Changes in rate xvere described. 

The alterations of electrocardiographic ivaves w'ere not uniform. 
P and T waves were almost as frequently increased in size, as 
decreased. The R wave, however, most often became smaller and 
the P-R and Q-R-S intervals in most instances were shortened. 

The RT level w-as usually depressed, never elevated. 

Of special significance was the transformation of several normal 
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amplitudes or intervals to abnormal ones, as well as the reverse. 
This involved particularly the R and 2 amplitudes.^ Worthy of ^ 
mention is the development of a prominent Qz in one instance. 

The mechanism of electrocardiographic changes is probably 
through reflexes, tachycardia, local cardiac and general chemical 
and physiologic alterations. 

None of the electrocardiographic changes were permanent. No 
inference could be made that the fever produced any harmful 
effects upon the heart. 
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STRENGTH DGRA.TION CURVES OF THE OVEREXCITABLE AND 
UNDEREXCITABLE NERVE MUSCLE APPARATUS AND SOME 
CONSEQUENCES BEARING ON THE CLINICAL APPLICATION 
OP CHRONAXIMETRY.*t 

By F. H. Lewy, 

\ ISITING rnOFESSOR op NEUnOPHYSIOIiOGY, 8CHOOI, OF MEDICINE, PNIVEnSITY OF 
PENNSYLVANIA, PHILADELPHIA, PA. 


(From the Department of Neurosurgery.) 

Lapicque has proven experimentally that the strength duration 
curve of different tissues— except for very short times— was approx- 
imately an hyperbola. This conception was completely corrobo- 
rated by Sakamoto (1933) stimulating single motor nerve fibers. 

ApriUO American Physiological .Society, Detroit, 

t This work was aided by a grant from the Roekofoller Foundation. 
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Corresponding to the definition of the hyperboha, two determinations 
—representing rheobase and chronaxie— should, therefore, deter- 
' mine the actual strength duration curve and simultaneously the 
irritability of the examined tissue. It is the teaching of the French 
school that even one of them, the chronaxie, should determine 
exactly enough— at least for clinical purposes— the irritability of a 
given tissue. The simplicity of this one figure as a result of the 
electrical stimulation is the more appealing, as Lapicque had 
assumed a fixed relation of 4 to 1 between chronaxie and his time 
constant 6. 

Lapicque’s experience, however, was confined mostly to the 
normal nerve muscle apparatus. Whether chronaxie alone is a 
suitable index of irritability under pathologic conditions also, is 
still open to discussion. 

The practical application of chronaxie in clinical medicine depends, 
therefore, upon the following questions: 

1. a. I^^Iether the strength duration curve of the overexcitable 
and underexcitable nerve muscle apparatus is an hyperbola as well 
as that of the normal one; and if that is true: 

b. In what way the hyperbolaj of overexcitable and under- 
excitable individuals differ from the normal and from another. 

2. '\ATiat symbol can best characterize the shape of these curves. 

Eight hundred and twenty-five lead workers subjected to different 
degrees of exposure were chronaximetrically examined at the superior 
optimal point of the extensor digitorum communis percutaneously by 
means of a condensor apparatus with about 11,000 ohms resistance and 
with help of a constant source of current read off to 1 v. 

§ 1. The strength duration curve of 7iormal, of definite overexciiabh 
and definite wider excitable individuals was established on about 
0 points. Figure 1 gives a number of such curves; Figure 2 shows 
representatives of each of these 3 categories in a larger scale. 

a. Plotting quantity against time, it was found that the Weiss- 
Hoonv^eg line in all three curves of Figure 2 was a straight line— 
except for verj' short times. ■' This observation emphasizes the 
probability that the curves are in fact hyperbola;. 

To verify the result, according to Hoorweg’s formulm of the 
strength duration curve, the constants a and b were calculated from 
two determinations of voltage and time (1 and 3 of the following 
example). The resulting figures were put into a third value next 
to or betv'een the two first (middle value of the example) and the 
voltage was calculated. The calculated voltage and the observed 
voltage differed from 3 to 7.5%. 


Xormal. 


Oterexcilahlc. 


Underexcildhle. 


200V~0.1C(r 135V— O.Ko- 

190V— 0.4S<r 205V=7.97o llOV— 2£r 

160V— 1.4<r lOOV— To- 


200V--0.10(T 

17.5V— 1.3G<r 109.0V =3% 

150 V— 2<r 


a = 72 
h = l.'O 



a = S.O 
1> = 11.5.7 


H6..5V =5..5Y„ 
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h Comparing the shape ot the curves iu Figures 1 and 2, we 
1 r tLv are entirely different in their curvature. The 

?s fSle” in oveLeitabiiity and greatest in under- 


0 ao 40 eo 100 ^ 

■ V ’ ' ' ' 



jange of the normal. 


0 80 40 60 eoS 


I ; : — i ; 1 



Fig. 2. Three strength-duration curves, from the left to the right characteristic 
of an underexcitable, a normal and an overexcitable subject. The right angles 
signifj' the position of the respective zero point of the coordinate axes. The dotted 
line bvsocting this angle intersects the curve in its vertex. The vertex characterizes 
the shape of the curve Oiypcrbola). Its index is equal to the square root of the 
product of rheobase and- ebronaxie (vc.). The full straight line connecting the 
Various points is tbc eiss«lloorwcg lino. 
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excitability, and lies between the two values in normal individuals. 
This means that ihe atrvaiure formed hy the two branches of the 
strength duration curve characterizes the degree of irritability. 

§ 2. If this is true, the best symbol of the strength duration curve 
would be an index giving the clearest reading of the curvature. The 
position of the vertex of the hyperbola, i. e., the vertex coordinates, 
would best serve this purjiose. 


y 



Fig. .3. — Diagram of a hyperbola -nithin a rectangular coordinate system: x = 
time axis, y = volt axis, b = rheobase. The corresponding chronaxia determined 
with 2b (Vi Volt) is equal to ti. t: designates the time with a voltage somewhat 
higher than the doubled rheobase (Vi). V = vertex of the hyperbola, V' and t' 
the corresponding voltage and time. Vy' = Vt' = C. 

The straight line bisecting the right angle of the coordinate 
system, formed by the vertical volt axis and the horizontal time 
axis at the level of the rheobase b, intersects the hj'perbola in its 
vertex (Fig. .3). The position of the vertex, according to the defi- 
nition of the h\’perbola, can be calculated as the square root of the 
product of rheobase by chronaxie, i. e., of half of the quantity. 
The length of this vertex coordinate was measured in determined 
and outlined strength duration curves and compared with the 
results of hundreds of calculations in normal and pathologic indi- 
viduals as to our test muscle (extensor digit, comm.). This muscle 
has a normal rheobase of 90 to 45 volts with a corresponding chron- 
axie of from 0.4 to O.Scr. The statistical norm of the vertex co- 
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ordinate under these conditions was between 6 and 9 units of 
measurement, figures below 6 indicate a more rectangular curve 
as characteristic of overexcitability— while figures above 9 give a 
more obtuse angle — as character istic of u nderexcitability. 

The given formula (I) C = Vrh x chr, in which C designates the 
vertex coordinate, rh the rheobase and chr the chronaxie, makes it 
obvious that the rheobase cannot be a negligible factor, as even 
with identical chronaxie the shape of the hyperbola varies widely 
subject to the rheobase. This is not so important in normal cases, 
as normally the rheobase is relatively constant with the same 
resistance and the same muscle. But with a change of temperature 
and blood flow or under the effect of different mineral salts and 
drugs the rheobase may be indispensable for final decision, espe- 
cially when the chronaxie is verging upon overexcitability or under- 
excitability. 

In physiological experiments it is certainly the most suitable 
procedure to plot quantity against time, to control the straightness 
of the Weiss-Hoorweg line and to compare it in a diagram with an 
average standard line. For routine neurological examinations, how- 
ever, this method is somewhat complicated. We found a simpler 
method in deriving the vertex coordinate of the correspondent 

hyperbola directly from the determ inations. • 

According to RgureS: C = VViti — bti = VWt 2 — bts. If 

ti is the chron axie, Vi its d ouble rheobase , i. e., 2b: 

(I) C = -s/^^b — b)ti = "s/bti = V” rheobase x chronaxie. (I) 
_____ First determination. 

(II) C = \/ (Vs — b)t 2 Valid for a second pair of determinations, 
0 . g., 20V above the doubled rheobase. 


(Ill) C 


- v 


(Vn — Vl}t 2 t 

tl — 


Determines C in a somewhat different 
way. 

Substituting the observed values into the formulm I to III the 
values of C usually vary in some degree. The mean value of the 
three readings — to be called Derfe-x characteristic, vc. — seems to be 
a good sjTObol of the hyperbola representing the strength-duration 
curve. 

^ We preferred this form of presentation, going down to the coor- 
dinate C for its greater visuality and for the direct comparability 
of the obtained results with those measured in determined and 
outlined strength-duration curves. The square root of the product 
of voltage and time is so easily read off from a table that we applied 
the square root not only in these theoretical deductions but also 
m our practical examinations (Lane and Lewy, 19.35). However, 
there is no objection in resigning to draw the root and in using the 
constant C- instead of C. tinder these conditions the norm in our 
case is from 36 to 81 instead of from 6 to 9. 

§ 3. In order to prove this statement it Avill be shown that; 
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(а) The vertex of the strength-duration curve, calculated accord- 
ing to the three given formute from two pairs of measurements 
coincides in first approximation with the vertex of the observed 
curve, and 

(б) The ordinate of the hj'perbola constructed at the “calcu- 
lated” vertex (as above) coincides approximately with a third 
"observed” point of the curve which is not used in the calculation. 

a. We designate tlie vertex characteristic vc. as “calculated” 
when it represents the mean of the 3 results determined with help 
of formula I to III. We designate it as “observed” when it repre- 
sents the measured vertex coordinate of the determined strength 
duration curve outlined on millimeter or inch paper. 








Ciilciilatcti V 

c. Obscn’cd 

1. 

lOOV— 0.28 ct . . 

. I. 

5.2 

III. 

3.8 




17S — O.SGtr . . 

. 11. 

0.4 

VC. 

5.1 

5.1 

5.0 

2. 

65 V— 0.32ff . . 

1. 

4.5 

III. 

3,0 




160 — O.lCtr . . 

. 11. 

3.7 

VC. 

3.9 

3.9 

3.5 

3. 

70 V— 0.2o- . . 

. I. 

3.8 

III. 

2.4 




120 — O.Ctr . . 

. 11. 

5.4 

VO. 

3.9 

3.9 

4.1 

4. 

80V— 0.24(r . . 

. I. 

4.4 

III. 

3.2 




130 — O.Scr , . 

. II. 

6.3 

VC. 

4.6 

4.6 

4.7 

S. 

95 V— 0.48cr . . 

. I. 

6.7 

III. 

4.7 




160 —1.40- . . 

. II. 

9.5 

VC. 

7,0 

7.0 

7.5 

0, 

SOV — 0 . CS(T 

. I. 

7.4 

III. 

6.6 




200 — 0.3Go- . . 

. 11. 

6. 6 

VC. 

0.9 

6,0 

7.0 

7. 

gov— 0 . So- . . 

. I. 

8 5 

III. 

7.5 




200 — 0.7o . . 

. 11. 

S.8 

VC. 

8.3 

8.3 

8.4 

8. 

65V — 0 .Co 

I. 

0.2 

III. 

7.7 




ISO — O.So . . 

. 11. 

6.5 

VC. 

6.8 

6. 8 

6,2 

9. 

65 V — 4 . Oo 



III. 

8.9 

8.9 

9.8 

10. 

05 V— l.Oo . . 

. I. 16.0 

III. 

6.3 




170 —O.So . . 

. II. 

8.6 

VC. 10.3 

10.3 

10.7 

11. 

SOV— 2. So 

I. 

14.4 

III. 

0.7 




200 —O.So . . 

. II. 

9.8 

VC. 

10.3 

10.3 

9.7 

12. 

70 V— 4. Oo . . 

1. 

16 8 

nr. 

10.3 




ISO —0 So 

. II. 

8.5 

VC. 

11 9 

11.9 

12.2 


Although the decimals of the obseiwed values are merely estimated 
and consequently inaccurate, the coincidence of calculated and observed 
vertex coordinates is very satisfactory. 

b. For reasons which will be discussed in § 6 anode strength 
duration curves were observed and were constructed as hyperbolse 
at the calculated vertex, according to the 3 given formulae. Fur- 
thermore, in all of these curves the time was determined at the 
level of the doubled cathode rheobase. This third “observ’^ed” 
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time value, not used in the calculation, was compared with the time 
of the constructed curve at the same level. 

Calculated Observed 

time. time. 

2.2o- 1-40- 

O.So- l-2^r 

6.8<r 6. Sir - 

3.5ir 4.00- 

As the first column represents points of a mathematical curve, 
and the second represents values of percutaneous measurement, 
and therefore relatively inexact, the correspondence seems quite 
satisfactory. 

We may accordingly conclude that; 

1. Strength duration curves of the overexcitable and nnderexciiahle 
nerve muscle apparatus are liyperholce, differing in the degree of their 
curvature. 

2, By means of two independent measurements of the excitation 
time— one of which may he the chronaxie—and by three simple 
calculations we can determine the “vertex characteristic’^ (vc.). This 
symbol defines with sufficient exactitude the shape of the hyperbola 
vipon which the chronaxie is situated. 

From these theoretical deductions follow practical consequences 
which seem to be of importance in the application of chronaximetry 
to clinical medicine, 

§ 4. Everj'^ experienced examiner knows how difficult it often is 
to determine even in normal individuals in percutaneous exam- 
ination the optimal point. Under pathologic conditions it may- 
remain still more questionable whether the point stimulated at 
the skin is really the most irritable. In consequence of this experi- 
ence even so skillful an investigator as Bourguignon emphatically 
reiterates that one should not rely on the result of one single 
chronaximetric examination unless it be verified by a second 
and third investigation. 

These experiences made it desirable to evolve a routine method 
permitting it to be established whether or not the stimulated point 
is really the optimal one. We designate as the “optimal” point 
the niost irritable one, or more exactly, such a point on the skin 
by stimulation of which the virtual cathode within thie nerve gets 
its greatest density. If this point is stimulated with a higher 
voltage, the time required for excitation decreases pari passu, wdiile 
the product of the two, after subtraction of the rheobase, remains 
equal. This is not so if any other point at the skin is stimulated. 
It has been our experience that if such a non-optimal point is 
stimulated with a higher voltage, the corresponding time does not 
seem to decrease in reciprocal ratio; consequently the product of 
voltage by time is not unvariably the same. In' other words, on 
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stimulating the optimal point on the shin, the strength duration curve 
is a hyperbola; while on stinmlating any other point this does not 
seem to be the case. 

This result of a great number of investigations in pathologic 
conditions coincides with the findings of Biissow in normal indi- 
"viduals. Biissow showed that stimulating a skin point in the 
distance of | inch from the real optimal point the strength duration 
curve of a normal muscle may become discontinuous. 

As it is impossible in routine medical examinations to determine 
each time the whole strength duration curve, it is certainly advis- 
able to determine, instead of one, at least two points of the curve, 
and to prove that they are part of the same hyperbola. 

§ 5. However, in the first stages of a nerve Zesio?!— though depend- 
ing on its character— and in the last stages of regeneration, it is 
usually impossible to obtain a satisfactory approximation of the 
three values of vc. This implies that not all points of this strength 
duration curve were situated upon one and the same hyperbola. 
In fact, Adrian has shown on the degenerated facial nerve that 
such curves, as a rule, are discontinuous. 

This fact, of course, is not rendered visible if the chronaxie alone 
is measured, nor is it apparent in the vertex characteristic calcu- 
lated from chronaxie and rheobase only. But it may be suspected, 
if one cannot get a close approximation of the three vertex values, 
especially when the values of formula III spread over a wide range. 

(I) Vi (rheobase) SOV, ti (chronaxie) 3. 6cr vc. 16.9 

(II) Vo 200V, to l.Gtrvc. 13.8 

(III) vc. 10.9 

Under these conditions we are able to calculate the rheobase of 

the assumed second hyperbola and its vertex from Vi, ti and to 
by formula IV. 


(IV) b = 


ti 4- to 


200 X 1.6 


61.5V 


Let us suppose, according to this calculation, that the tvm deter- 
mined points are part of two hyperbolse, the rheobases of which are 
SO and 60 V respectively, then we can record it as in Figure 4. 
The full line in Figure 4 shows the discontinuous curve, as the 
combmation of both the dotted and the lined hyperbola. Assuming 
the breaking point of the curve at 160 V was the rheobase of the 
superior (full) curve the chronaxie of this hyperbola ivas O.SStr, 
i. e., about normal. This corresponds to Adrian’s curves. He 
found the chronaxie of the steep part of the curve during the. process 
of degeneration practically unchanged, while the chronaxie of the 
flat curve increased gradually. Not until the degeneration was 
complete was a uniform smooth hyperbola again found, now with 
an obtuse curvature. 
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S 6. Finally, we followed up the anode excUation time m connec- 
tion with Pfliiger’s law. Some of the anode strength-duration cun e 
were determined, others were caieulated “<1 
basis of their vertex characteristic. Figure 5 shous that “ ^ 
majority of our cases the threshold for the cathode was lower than 
that for the anode. We did not observe in our cases a reversal of 
the galvanic excitability. The difference between the cathode and , 
anode threshold was greater in pathologic than in normal muscles. 



Fig. 4. — Diagram illustrating the constituents of a discontinuous strength-duration 
curve. It results in the combination of two (constnicted) hyperbolce. The chronaxie 
of the superior curve is normal with 0.8a-, that of the inferior is underexcitable with 
S.Otr. 


The most interesting fact, however, seemed to be the crossing of 
the cathode and the anode curve upon the vertical axis as a first step 
ioieards the inversion of the excitation law. This means that at the 
level of the doubled cathodic rheobase the anode excitation time 
became shorter than that of the cathode excitation time. In other 
words, f/;c excitation rule and its inversion applies not only and not 
primarily to the galvanic threshold but also and even earlier to the 
excitation time (Fig, 5, curves 4a and 46). 

Discussion and Conclusions. In looking tlrrough the literature on 
clinical chronaximetry we see that almost constantly the rheobase 
values were omitted in the results, although they had to be deter- 
mined to get the chronaxie values. Such a procedure may lie per- 
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missible under certain conditions but not so as a rule. Local anes- 
thetics, for instance, will, according to their eoncentration, inerease 
the rheobase and decrease the chronaxie with the effeet that their 
product, the minimal electrical cpiantity required for stimulation, 
remains about the same in cocain and novocain narcosis, but is 
considerably increased in pantocain and percain narcosis (Laubender 
and Raufenbarth). Exact consideration of the rheobase is also 


0 e \b Zi 32 40 48 5b 6 

1 I I r I 1 i — 



Fig. 5. — Four pairs of strength-duration curves. Each pair represents the cathode 
(a) and the anode curve (b) of one indmdual; la and b of an overexcitable, 2a and h 
of a normal, 3a and 6, 4a and h of two underexcitable subjects. With the exception 
of 4a and h rheobase and chronaxie is shorter at the cathode than at the anode. 
With progressing undorexcitability, however, the anode chronaxie becomes shorter 
than the cathodic one (4o and 6), even before the anodic threshold grows smaller 
than the galvanic threshold (galvanic overcxcitability) . First stage of inversion 
of Pfluger’s law. 


required in order to understand the changes of nerve irritability 
under physiologic conditions such as during hyperventilation or 
anoxemia in great altitudes. Neither rheobase alone nor chronaxie 
alone give the right impression of irritability. The rheobase, however, 
gets its significance onlj'^ through chronaxie. If that is so it is verj^ 
important that both parameters of irritability be included, in the given 
result; and that the rheobase should not be omitted. On the other 
hand, the simultaneous comparison of two rheobase and two chron- 
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axie values complicate the method for practical use. The length of 
one of the equal coordinates of the vertex of the_ hyperbola, ijpre- 
senting the strength duration^curve, is likewise given by one hpire 
only. But since this one figure equals the square root of rlmobase 
and chronaxie, it helps, in fact, to get rid of the rheobase. that is 
the reason this figure is superior to chronaxie alone. It, furthermore, 
conveys a clear idea of the shape of the hyperbola in representing 

a definite strength duration curve. ... . . 

There are, no doubt, many cases in which a single chronaximetnc 
examination and the statement of chronaxie alone give results suffi- 
ciently unequivocal to render any further test superflous. We class 
under this heading the majority of normal cases and all distinctly 
abnormal, more particularly underexcitable, subjects. Such clear 
cases, however, are found less frequently than may be supposed. 
Applying chronaximetry to persons not ill in the proper sense but 
exposed to noxious agents, as in industry, a greater part of the 
subjects examined was found to be on the borderline between 
normal and abnormal (Lane and Lewy, 1935). This is where the 
new index proved very helpful. 

The same question has to be considered concerning the optimal 
stimulation point of a muscle upon the skin. This point is seemingly 
very easily found from one of the textbook diagrams. But in reality 
the situation of this point varies even in the normal from man to 
man. Under pathologic conditions the point may sometimes be 
hardly greater than a pinhead. The superior and inferior optimal 
point showing entirely different normal values, may be distant only 
j inch from one another. Finally, no reliable chronaxie may be 
obtainable at the point of the lowest galvanic threshold. If, how- 
ever, to overcome these difficulties greater capacities and lower 
voltage is applied, the skin is charged in increasing degree and the 
rheobase varies from one experiment to the next. To avoid this 
a much higher resistance (of ca. 100,000 ohms) in series to the skin 
would be required, with a corresponding higher voltage. This again 
is too dangerous in man and involves other difiiculties (sparks, etc.). 
Accordingly, sufficient time must be allowed to elapse before the 
determination is repeated. But if the same point is stimulated 
several times in succession, especially with longer duration, the 
time values begin to flicker. Even with considerable eiiperience in 
chronaximetnc measuring, it may in pathologic cases take a quarter 

01 an hour or longer to find the correct chronaxie of a single muscle 
point. 

'Ihese observations lead to the setting up of the postulate that 
the correct position of the stimulation point should be objectively 
demonstrable. By determining besides rheobase and chronaxie a 
second time value with a strength of current about 20 V above the 
doubled rheobase, _ and by a simple multiplication, it seems to be 
possible to state with an accuracy sufficient for percutaneous clinical 



502 LEWX: CLINICAL APPLICATION OF CIIRONAXIMETRY 

examinations ivliether or not the o])timal skin-muscle point is stim- 
ulated or whether the curve is discontinuous. In this case the 
rheobase of the second hyperbola can^be easily extrapolated. Such 
a procedure proved to be more important as our examinations, corre- 
sponding to those of Adrian, showed that the discontinuous strength 
duration curve is neither a rare occurrence nor always the sign 
of an error in technique. ‘The discontinuous curve rather repre- 
sents a regular, though temporary stage during degeneration and 
regeneration. 

Finally, our observations on Pfliiger’s law indicate a facilitation 
of the routine work in underexcitable cases. The direction of current 
has to be reversed at any rate during each examination, in order 
to counteract the skin polarization. What remains to be done in 
the quoted cases is to observe at this time whether the same con- 
denser, the discharge of which produces the first twitch at the 
catliode is effective at the anode as well. If so we are faced with 
the first indication of a qualitative alteration of Pfliiger’s law. 

Summary. Although it is generally accepted that the strength- 
duration curves of the normal nerve muscle apparatus are approx- 
imately hyperbolae this has not yet been proven under pathologic 
conditions, i. e., in overexcitability and underexcitability, 

1. By means of chronaximetrical examinations of 825 lead workers 
subjected to different degrees of exposure it could be shown that 
the strength-duration curves of theoverexcitableand underexcitable 
nerve-muscle apparatus equal approximately a hyperbola. 

2. The hyperbolie of normal, of overexcitable and underexcitable 
individuals difi^er in the degree of their cur\’^ature. The legs of the 
hyperbola of an overexcitable muscle form a more acute curvature, 
those of an underexcitable a more obtuse curvature. Normal curves 
lie between the two extremes. 

3. The most suitable symbol of characterizing an actual strength- 
duration curve and indicating simultaneously its shape is the 
vertex of the hyperbola. The coordinate of the vertex— which may 
be called “vertex characteristic” (vc.)— equals the square root of 
the product of rheobase by chronaxie or in other words of half of 
the quantity. By this method one single and easily comparable 
figure is obtained. This single figure unmistakably characterizes 
the actual strength-duration curve, 

4. Three simple formulae are given to calculate the vertex char- 
acteristic by help of two independent pairs of measurements, carried 
out at one and the same muscle point. The approximate coinci- 
dence of the three values seemed to confirm that it was really the 
optimal point that was stimulated. 

5. In the first stage of nerve degeneration and in the last stages 
of regeneration not all points of the strength duration are situated 
upon the same hyperbola. The curve becomes discontinuous, indi- 
cating that it consists of two distinct hyperbolai. Under these con- 
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ditioiis tlie rheobase of the second hjTerbola can be calculated by 
a simple formula from the two determinations. 

6 The inversion of Pfliiger’s law applies to the excitation time 
as well • Even before the galvanic threshold with the anode sinlm 
below the threshold with the cathode, the excitation time with the 
anode becomes shorter than tiiat with the cathode. 
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IS THE USE OF INSUUN INDICATED IN THE ELDERLY DIABETIC 
WITH CORONARY SCLEROSIS? 

• By William S. Collens, M.D., 

CHlEr, DIABETIC CLINIC, ISRAEL ZION HOSPITAL, BROOKLYN, N. Y.; DIRECTOR OP 

METABOLISM, AURORA INSTITUTE, MORRISTOWN, N. J., 

Raphael G. Stoliarsky, M.D., 
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AND 

Solomon Netzer, hl.D., 

ASSISTANT, DIABETIC CLINIC, ISRAEL ZION HOSPITAL, 

BROOKLYN, N. Y. 

(From the Diabetic Clinic of the Israel Zion Hospital.) 

ABRiNO notes^ have appeared in the literature against the use 
of msulin in the diabetic who has manifestations of vascular degen- 
eratne disease because of the danger of precipitating vascular 
spasms or thromboses during hypoglycemic attacks. 

\ ascular crises are recognized to occur most commonly in arteries 
that have undergone sclerotic degeneration as a result of essential 
hj’pertension or progressive involution with aging. Reports in the 
literature*-'' indicate that these sclerotic lesions are a ihore frequent 
phenomenon in th e diabetic than .the non-diabetic and in the poorly 
tr^ted diabetic than in the well-controlled diabetic. 

Jins paper is concerned with a critical analysis of the use of 
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insulin and an expression of opinion as to whether there is adequate 
justification for the feeling that insulin is contraindicated in the 
treatment of the elderly diabetic. 

Before discussing this subject,- it is well to review some of the 
physiologic and pharmacologic properties of insulin. In the pan- 
createctomized animal, insulin produces a disappearance of sugar 
from the blood with an attendant rise in the respiratory quotient, 
indicating that it is associated with the oxidation of glucose. That 
insulin also causes the deposition of glycogen in the liver and muscles 
has been demonstrated by the marked glycogenetic recovery which 
follows the administration of insulin in animals whose liver glycogen 
has been depleted by pancreatectomy.^ Collens and Murlin® have 
suspected a third function of insulin, that of glycogenolysis. They 
have observed that the injection of insulin into the portal vein pro- 
duces a transient hjqrerglycemia Avhich could be explained only on 
the basis of its coming from liver glycogen. Dudley and Marrian® 
showed that excessive doses of insulin in rats are able to reduce 
liver glycogen. In view of the obserAmtion of Warburg, that the 
contraction of muscle tissue is associated with the anaerobic oxida- 
tion of its muscle glycogen, it would then appear that the function 
of insulin, in quantitatively regulating the deposition of muscle 
glycogen would have an extremelj'- important clinical bearing upon 
the ability of muscle to contract. It is the belief of the authors 
that the clinical symptoms of muscle weakness and nocturnal 
claudication which exist as such outstanding symptoms in the 
diabetic with a severely broken sugar tolerance are the result of 
the depletion of glycogen from skeletal muscle. The rapid disap- 
pearance of these symptoms immediately after the administration 
of insulin with a liberal amount of carbohydrate helps to confirm 
our belief that improvement has been attended by the phenomenon 
of glycogen sjmthesis in muscle. 

The authors who have warned against the use of insulin in the 
elderly diabetic haAm based their statements upon definitely obsei'A'cd 
toxic phenomena produced by administration of this hormone.'^-’- 
They report Amrious tjqjes of disturbances in cardiac function asso- 
ciated with a state of insulin hjqroglycemia, such as attacks of 
paroxysmal fibrillation, angina, and definite electrocardiographic 
changes, among which are notching of the P waves, prolongation 
nf P-R interval, occasional slun-ing and prolongation of Q-RS 
complex, changes in the deflection of S-T segment and alterations 
in the character of the T wave, such as flattening, prolongation and 
diphasic. 

Some of these authors--"-^- haAm obsei'A’ed the beneficial effect 
that glucose has on the anginal attack during the hjqioglycemic 
state. Smith and his co-workers^® haA'e eAmn commented on the 
distinct beneficial effect of a high-carbohydrate diet in the treatment 
of cardiac failure in the non-diabetic. IntraAmnous injections of 
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50% glucose have been recommended in 
thrombosis/'' since it furnishes the heart 


the treatment of coronary 
muscle with extra glucose 


and has a diuretic effect. . + r 

In a paper on poisons, Abeff® presents an mterestog concept of 

the relationship of poisons to therapeutic agents. To quote from 
his article; “ The harmful effects of a large dose of a drug or poison 
do not fall off 'pari passu with the diminution in dose. On the 
contrary, with the diminishing dose there may occur a turn-about 
in the action of the drug with the appearance of a highly beneficial 
action, one indeed that is indispensable for the continuance and 
maintenance of health, as is the case when we pass from the toxic 
dose of a hormone to its therapeutic dose.^’ Insulin is an excellent 
example of such a substance, indispensable to life and circulating 
in our blood below a toxic level, which, when increased in the 


circulation either by injection or due to hjqierfunctioning pancreatic 
island tumors, results in profound degrees of intoxication violent 


enough to produce death. 

Since insulin is able to deposit glycogen in tissues, we must think 
of it as a possible therapeutic agent in angina pectoris provided 
the toxic effect of vascular spasm and depletion of tissue glycogen 
is strictly avoided. Diabetics suffering from attacks of angina 
pectoris who showed electrocardiographic evidence of myocardial 
change as well as those in whom the tracings were normal were 
selected for this study. All types of cases, mild and severe dia- 
betics, male and female, with and without evidence of organic heart 
disease, but all complaining of tj^iical attacks of angina pectoris, 
were given a high-carbohydrate diet with sufficient insulin to 
relieve the diabetic picture both clinically and chemically. For 
purposes of brevity we shall present only a few isolated but typical 
case histories. 


Case Abstracts. Case 1. — Celia K,, aged 60, was admitted with a 
history of typical diabetic symptoms of 3 months’ duration and paroxysmal 
attacks of severe precordial pressure, dyspnea and palpitation for 1 year 
which had become aggravated since the development of her diabetes. , 
ihysical examination showed early bilateral cataracts, a dry and beefy 
tongue, auricular fibrillation, blood pressure 186/100, liver large and tender, 
congestive rales at the lung bases and ankle edema. She excreted 37.5 gm. 

° in JA hours and showed 1-}- acetone. Her fasting blood sugar 

was 264 mg.% She was put to bed, given a diet of C., 200, P., 60, F., 100 
tsalt-free), vith 15 units of insulin, t. i. d., and 15 gm. of available glucose 
,. P- Fluids were restricted to 1000 cc. She w'as given 

aigilahs (1.5 gr., 1. 1 . d.) and neptal (1.5 cc. intravenously) every other 
uay. in 6 _ days her fibrillation stopped. Electrocardiogram (Fig. 1) 

U vcn at this time, showed evidence of myocardial damage. Two w’eeks 
atcr, she was discharged with her heart compensating and her anginal 

^ mg-% and she showed 

races of sugar m her unne._ On 2 occasions in the past IS months she 
x] erionced breaks m cardiac compensation precipitated bj’- excessive 

aese episodes she agaii fibrillated, Tut To? 
np^mal sjTaptoms t\ere minimal. The intenml periods have been entirely 
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free of anginal attacks. She has been maintained on tlie alrove diet and 
her insulin was reduced to 20 units per day. 

Case 2.— George P., aged 64, machinist, 3 months before admission, 
started to complain of frequent attacks of precordial pain, grip-like in 
character, and dyspnea brought on by the slightest exertion. He had no 
diabetic symptoms. He was an obese indradual wth no positive physical 
findings except a blood pressure of 180/96. He excreted 2.5% sugar in a 
casual specimen and his fasting blood sugar was 211 mg.%. His electro- 
cardiogram showed no e^ddence of myocardial damage (Mg. 2). He was 
given a diet containing 1200 calories and 25S gm. of available glucose with 
35 units of insulin in 2 dhdded doses. He was protected with postcibal 
feedings. During the 8 months on tliis treatment Iris anginal sjmdrome 
has almost entirely disappeared. He does not volunteer any complaints, 
but on close questioning he states that he is able to elicit a mild precordial 
discomfort on very marked e.xcrtion of an order much out of proportion 
to that which he previous^ dared to engage in. 

Case 3. — Isidore C., aged 67, was admitted vdth a history of diabetes of 
1 month’s knovm duration. His chief complaint was attacks of precordial 
pain, vuth pain also on the right side of his sternum, pressing in character 
and no radiations. These pains were elicited by walJdng half a block, and 
also occurred after meals. The pain was attended bj’- dyspnea, would last 
1 to 2 minutes and was relieved by rest. He had no diabetic symptoms. 
Physical findings disclosed an obese, plethoric, middle-aged man, wth 
heart enlarged, second aortic sound accentuated and blood pressure 170/80. 
Teleoroentgenogram showed an enlarged hypertensive heart mth widening 
of the aortic arch. Electrocardiogram (Fig. 3) showed e\ddence of myo- 
cardial damage. His urine contained traces of sugar and his blood sugar 
was 243 mg.%. He was given a diet containing C., 175, P., 51, F., 47, with 
10 units of insulin once a day and 15 gm. of carbohydrate 2 hours after liis 
insulin. In the 4 months since he has been on this treatment he has not 
experienced any anginal pains, either bj' walking a distance of 7 blocks or 
after meals. 

Case 4.— Reuben M., aged 47, was admitted, April 15, 1932, complaining 
of attacks of precordial pain radiating to the left arm. He had been dia- 
betic for 11 years. Physical examination disclosed no pathologic findings. 
Blood pressure, 128/90. Electrocardiogram showed left axis deviation. 
His urine was free of sugar and his blood sugar 210 mg.%. He was given a 
diet of C., 150, P., 75, F., 70. After his urine remained sugar-free for 
8 months, his tolerance suddenly broke and was followed by an aggravation 
of liis stenocardial syndrome. A reduction in his diet to C., 90, P., 60, 
F., 70. without insufin controlled his diabetes, but his anginal symptoms 
persisted. He was then placed on a high-carbohydrate diet, C., 220, 
P., 60, F., 75, Math 10 units of insulin, t. i. d., which was followed by a 


Legends for Figs. 1, 2, .3, 4 and .5. 

Fig. 1. — Ca?e 1. Lead 1, slurring of upward deflection of inverted T. 

Lead 2, slurring of upward deflection oIQJtS; diphasic T. Lead 3, slurred QRS 
complex and low voltage. Diagnosis: Myocardial damage. 

Fig. 2. — Case 2. Lead 1, normal. Lead 2, normal. Le ad3, deep Q; inverted 
P; inverted T. Diagnosis; Normal tracing. 

Fig. 3. — Cases. Lead 1, deep S wave; depressed S T interval; diphasic IT. Lead2, 
depressed 5 T interwal ; diphasic T. Lead 3, inverted and notched QRS, low volt- 
age; inx'erted T. Diagnosis; Myocardial damage. , 

Fig. i . — Case 4. Leadl, normal. Lead 2, deep S; tall T. Lead 3, inverted 
QRS. Diagnosis; Left axis delation. Taken May 12, 1932. 

Fig. 5. — Case 5, Normal tracing. , 













Fxg. 6. — Case 6. Lead 1, diphasic T\ depressed S T interval. Lead 2, depressed S T interval; 
deep S wave. Lead 3, diphasic P; inverted R', elevated R T interval. Diagnosis'. Myocardial 
damage. Taken November 10, 1932. 

Fig. 7. — Case 7. Leads 1, 2 and 3 show slurring of the QRS interval; inversion of QZ? S interval 
in Lead 3; low voltage. Diagnosis; Myocardial damage. 

Fig. S. — Case 8. Lead 1, low take-off of S T. Lead 2, deep S and high T wave. Lead 3, high 
take-off of S T. Diagnosis: Myocardial damage. 

Fig. 9. — Case 9. Lead 1, slurring of QRS. Lead 2, slurring of QRS-, deep S wave. Lead 3, 
slurring of Q P S. Q P S inverted; T inverted. Diagnosis: Myocardial damage; left axis deviation. 
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prompt and very marked alleviation of his coronary symptoms a condition 
wliich has persisted to date. On October 18, 1934 n^e vashed to determine 
whether the cessation of insulin would be attended by a return of his 
symptoms. We thus discontinued his insulin and left him on the same diet. 
Within a few days there recurred all his previous anginal complamts and 
at the same time he showed a break in sugar tolerance. The patient was 
put back on insulin, on November 30, and to date has agam been free of 

anginal sjTnptoms. , , i j • 

Case 5.— Eva P., aged 54, housewife, gave a 4-month history of pruritus 
viilvi, polyuria, polydipsia, weakness and weight loss and frequent attacks 
of severe precordial pain for 7 months. Examination disclosed, evidence 
of a hypertensive heart. Electrocardiogram (Fig. 5) showed no ewdence 
of myocardial damage. Blood pressure was 165/90. Because she refused 
to take insulin she was given a restricted diet consisting of C.,.90, P., 40, 
F., 40, on which she excreted 20 gm. of sugar in 24 hours, and her fasting 
blood sugar was 220 mg.%. For almost a year her anginal symptoms per- 
sisted and were elicited by slight exertion and emotional excitation. When 
she was finally persuaded to use insulin, she was given a diet containing 
C., 150, P., 50, F., 50, with 10 units of insulin once a day and an additional 
15' gm. of available glucose 2 hours after the insulin. Besides the marked 
improvement in her diabetic symptoms, her stenocardial symdrome has 
almost entirely disappeared. 

Case 6.— Eva H., aged 62, housewife, had diabetes for 20 years. On her 
first visit to our clinic, in June, 1931, she was found to be a moderately 
severe diabetic. On a diet consisting of C., 120, P., 50, F., 65, with 20 units 
of insulin, b. i. d., she excreted 13.5 gm. of sugar in 24 hours and her fasting 
blood sugar was MO mg.%. On September 17, 1931, she began to complain 
of frequent attacks of precordial pain. She had a hypertensive type of 
heart, enlarged to the left and a systolic murmur over the precordium. 
Her blood pressure was 180/100. Her anginal symptoms had progressively 
increased in frequency and severity, and on November 10, 1932, electro- 
cardiogram showed left. axis deviation with .rnyucardial damage" (Fig. 6). 

Her insulin was then increased to 50 units a day in 3 divided doses with 
a diet containing 190 gm. of available glucose and adequate protection 
against hypoglycemic attacks. Since the increase in i nsulin and carbo- 
hydrate, there has been a very marked improvement in her anginal symp- 
toms; although she still has occasional but mild episodes. 

Case 7. — Fannie L., aged 62, housewife, was admitted to the clinic on 
July 17, 1934, complaining of the classical symptoms of diabetes— polyuria, 
polj^dipsia, polyphagia, weakness and weight loss of 4 months’ duration. 
In addition, she also complained of headaches, vertigo, dyspnea, palpitation 
and attacks of precordial pain. Examination disclosed an elderly woman 
weighing 140 pounds, with manifestations of hypertensive heart. Her 
blood pressure was 215/90. It was found that she was a mild diabetic, 
for on a met of C., 115, P., 65, F., 40, she excreted only traces of sugar 
and her blood sugar was 148 mg.%. Electrocardiogram showed evidence 
of myocardial damage and left axis delation (Fig. 7). In view of her 
persistent precordial attacks, it was decided to increase the carbohydrate 
value of her diet by girnng her p., 160, P., 60, F., 50, and 10 units of insulin 

j singularly free of anginal attacks since she 

started taking insulin. 

Case S.— Sarah L., aged 66, housewife, was first seen, November 5, 1934 
complaining of weakness, weight loss, poljuria and polydipsia and a history’ 
of ha^^ng diabetes for 13 years. She also complained of frequent severe 
anginal pains radiating down the left arm for the past 5 years/ ExamiS- 
tion revealed evidence of vuight loss, a hypertensive heart, sounds of poor 
quahtj and a ringing aortic sound. Blood pressure was 190/90. Electro- 
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cardiogram showed evidence of myocardial damage (Fig. 8). On a diet 
containing C., 150, P., 60, F., 75, she spilled 12 gm. in 24 liours. She was 
given 15 units of insulin once a day. There has been remarkable relief of 
her precordial sjTnptoms in the face’ of the severe m 3 ’’ocardial damage. 

Case 9.~Frieda B., aged 58, housewife, was first seen, September 8, 1930, 
complaining of marked weakness, polyuria, dr^mess of tongue, sleeplessness, 
headaches and frequent attacks of precordial pressure with palpitation and 
d 3 ’'spnea, especially brought on by slight exertion. She had lost 40 pounds 
since the onset of her diabetes, 6 3 uars ago. Examination disclosed a 
middle-aged woman, considerably wasted, evidence of h 3 ’^pertensive cardiac 
h 3 ’-pertrophy (confirmed by a 6-foot chest plate). There was a soft systolic 
blow over the base of the heart and a metallic accentuation of the aortic 
second sound. Her blood pressure was 210/110. She was excreting 40 gm. 
of sugar in 24 hours and her fasting blood sugar was 333 mg.%. Electro- 
cardiogram (Fig. 9) showed evidence of m 3 mcardial damage. The patient 
was placed on a diet containing 225 gm. of available glucose, with 40 units 
of insulin in 2 divided doses. For the past 4 3 uars she was maintained 
on this regimen, her weight has increased 15 pounds, she is alwa 3 "s excreting 
between 5 and 10 gm. of sugar daily and her fasting blood sugars fluctuate 
between 200 and 270 mg.%. Although she still experiences s 3 'mptoms of 
angina pectoris, the 3 '’ occur at relatively infrequent intervals and of a 
definitely milder order. 

Case 10.— Mitchell F., aged 43, discovered that he was diabetic in 1925. 
TiTien seen, in June, 1927, he had no s 3 Tnptoms and examination disclosed 
a poorly nourished individual weighing 125 pounds, showing no other 
abnormal ph 3 eical findings. He was then excreting traces of sugar and his 
fasting blood sugar was 160 mg.%. Blood pressure was 110/60. He was 
given a diet of C., 100, P., 60, F., 150, and no insulin. He was s 3 mptom- 
free until June, 1931, when he started to complain of attacks characterized 
by precordial pain and pressure radiating down both arms, paresthesias 
of the fingers, and d 3 "spnea. These attacks were brought on b 3 '’ exertion 
and were relieved b 3 ’’ rest. Examination of the heart disclosed no abnor- 
malities. Blood pressure was 118/90. His urine was free of sugar and his 
fasting blood sugar was 164 mg.%. One year later he returned for another 
examination, at which time he reported that his anginal symptoms were 
becoming progressiv'ely worse and of greater frequency. He disclosed a 
definite break in sugar tolerance and his fasting blood sugar was 204 
mg.%. Examination of his heart showed no abnormalities. His blood 
pressure was 128/86. His electrocardiogram was entirel 3 '' normal. Teleo- 
roentgenogram showed a heart normal in size, shape and position. A 
diagnosis was made of angina pectoris without coronar 3 '^ damage. He wns 
then given a high carbohydrate diet consisting of C., 200, P., 60, F., 100, 
with 15 units of insulin twice a day. His diabetes was promptly controlled, 
for he e.xcreted traces of sugar and his fasting blood sugars remained between 
118 and 141 mg.%. He has been under observation for 3 years on a high- 
carboh 3 '-drate-insulin regime, during which time he has gained 7 pounds. 
He states that his anginal s 3 Tnptoms occur only rarely, are milder and are 
without radiations. His general w'ell-being is much improved and he is 
able to engage in much more ph 5 '’sical activity than he did before. 

Discussion. In the consideration of the use of insulin as a thera- 
peutic agent, the following principles were emplo 3 'ed to protect the 
patient against even the mildest form of h 3 ’pogl 3 'cemic reaction: 

1. Dietetic Control. The caloric v*alue of the diet was equivalent 
to the total energ 3 ^ requirements of the bod 3 ^ and was computed on 
the basis of the sum of the basal heat production, the specific 
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dynamic action of the foodstuffs plus an estimated percentage of 
the basal metabolism to allow for activity, ^'o attempt was made 
to reduce overweight patients because it was felt that a reducing 
diet would require too severe a restriction in carbohydrates. 

Protein was given in the proportion of 1 gin. per Ivilo. ot body 
weight. The amount of carbohydrate administered, influenced by 
our desire to give the patient an amount, equal to the lower liinits 
of what the normal person takes, that is, 250 gm., was never less 
than 3 gm. of carbohydrate per kilo of body weight. The fat was 
established by subtracting the caloric value of the protein and 
carbohydrates from the total calories and dividing the figure by 9, 
which is the caloric value of a gram of fat. 

2. Insulin. Insulin was started in small test doses which were 
gradually increased up to the point where the sugar entirely dis- 
appeared from the urine or appeared only in traces. Blood sugars 
Avere not used as a criterion for the control of the diabetic state. It 
Avas felt that if a diet containing 200 or 250 gm. of aAmilable glucose 
could be taken care of by the organism without losing any in the 
urine, that the glucose was being either brunt or stored and that 
both these phenomena would relieve the clinical picture of this 
metabolic disorder. 

3. Fitrther Dietetic Measures. Bealizing that the duration of the 
insulin effect in its depression of the blood sugar is in direct propor- 
tion to the dose of insulin, Ave instituted a routine protecth^e pro- 
cedure of giving our patients 15 gm. of readily absorbable carbo- 
hydrate (preferably in the form of fruit juice) 2 hours after the dose 
of insulin, which is the time when insulin shock is most likely to 
occur. B'e found this procedure so important that AAm routinely 
order the postcibal carbohydrate in all diabetics who take insulin. 
Since that is the time AAdien the patient is experiencing a maximal 
insulin effect, we feel that this carbohydrate can be giAmn with 
impunity. The result has been that hjqjoglycemic attacks ha\m 
become an extreme rarity among our patients. 

Some of these patients who Avere suffering from symptoms of 
coronary disease haAm been free of attacks for as long as 2 years 
since starting treatment. No attempt is being made to shoAV that 
the use of insulin cures angina in these patients. Although the 
syndrome has entirely disappeared in many patients, others have 
leen greatly relicA’^ed. None has been made AAmrse by its use. We 
feel that this faA'orable clinical outcome is the result of baxang pro- 
tected our patients against toxic insulin symptoms as manifested by 
hjqmglycemic attacks. 

These observations are not in accord with the clinical reports of 
1 arsonnet and Hyman, “ who have indicated that anginal symptoms 
are Irequently aggravated in the insulin-treated cases even when 

he_ blood sugars are normal. They suspected that insulin has a 
toxic etlect upon the myocardium regardless of its relationship to 
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the metabolism of glucose. On examination of their protocols, it 
will be seen that the blood sugar determinations were made several 
hours and even the following day after the attack of coronary 
thrombosis occurred. In some of the patients, glucose had been 
administered in the interivi. We feel that these values have little 
significance regarding the content of sugar in the blood at the time 
the coronary episode occurred. Soskin and his co-workers feel that 
cardiac impairment, which both clinically and electrocardiographi- 
cally resembles that produced by insulin hypoglycemia, may be 
produced in the elderly diabetic by giving therapeutic doses of 
insulin over a long period of time in spite of the fact that the blood 
sugars may be within the usually accepted normal range. An exam- 
ination of their protocols reveals a condition, however, which does 
not warrant such conclusions. In citing their case of Harry S., 
for example, they record the fact that in spite of his maintaining 
an average blood sugar of 80 mg. %, while taking insulin, he showed 
electrocardiographic changes and cardiac symptoms similar to what 
they could produce in this patient by voluntarily eliciting a hypo- 
glj'cemic attack. A detailed record of this patient’s blood sugars 
on different days shows as follows: 61, 53 and 133 mg.%. Of 
course they will average 80 mg.%, but it is the cardiac picture 
which is created by a depression in the blood sugar to 61 and 
53 mg.% that tells a clearer story. These are obviously hypo- 
glycemic levels. Using the average of several figures, among which 
is included a high blood sugar, can only create an erroneous impres- 
sion. It would be of considerably greater importance to determine 
the sugar content of the blood 3 and 4 hours after insulin has been 
injected in order to decide whether the patient is hypoglycemic. 
It is the lack of this type of observation that has led to what we 
consider false conclusions. 

We feel also that a great deal of harm has been done by introducing 
the concept that insulin has a deleterious effect upon the heart of 
the elderly diabetic. It is unquestionably the hypoglycemic attack 
which is fraught vdth danger, but if it is possible to obviate the 
toxic effect of this hormone, why discard it as dangerous? Insulin 
is a double-edged sword much like any other powerful drug or 
hormone. Given in therapeutic doses it produces remarkable 
therapeutic effects; given in toxic doses it can even kill. But so is 
it true of morphin; one may give J gr. for its desired effect and one 
may give 4 gr., enough to kill. Yet no one would think of eliminat- 
ing morphin from his armamentarium because 4 gr. is a poison. 

Conclusions. 1. The use of insulin in the diabetic suffering from 
angina pectoris and coronary sclerosis is discussed. 

2. Insulin, like any other pharmacologic substance may be a 
toxic or a therapeutic agent, depending upon the manner of its use. 

3. hlethods for adequately protecting patients against the toxic 
effects of insulin are presented. 
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4. Insulin has been found to have a remarkable therapeutic value 
for the relief of cardiac pain of the diabetic. 
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PRESENT VIEWS OP CALCrOM-PHOSPHORUS METABOLISM.* 

' By George Wagoner, M.D. 

PHlnA»EI,PHIA, PA. 

(From the Department of Pathology and the Laboratory of Orthopredic Research, 
University of Pennsylvania.) 

It is impossible to discuss the lesions resulting from abnormalities 
of calcium-phosphorus metabolism until the normal metabolism of 
these substances is known or hj^otliesized. The present state of 
our knowledge of calcium-phosphorus metabolism is so incomplete 
lat it becoin^ necessarj" to construct from known data a workable 
n^othesis. This paper will attempt the elaboration of such an 
lypothesis from reported experimental and clinical data and from 
the results of personal investigation. 

Muy^riS'^ Meeting of the Americ.'m College of Physicians, 
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Calcium and phosphorus enter the body by way of the diet. 
The normal daily intake of calcium is approximately 1 gm. and of 
phosphorus 2 gm. Although a normal amount of calcium and 
phosphorus may be ingested, yet this does not assure the assimila- 
tion of these elements and their entry into the body economy. 
Not only must an adequate supply of each element be present in 
the diet, but there must exist the proper quantitative proportion 
between calcium and phosphorus. The existence of a disproportion 
between the two is frequently as harmful as an absolute lack of 
either. Calcium should be in relation to phosphorus 1 to 1.5 or 
1 to 2. Excessi^^e dietary phosphorus, by forming insoluble com- 
pounds with the calcium of the diet, will markedly reduce the 
amount of calcium possible of absorption. 

Quite frequently a large proportion of these elements occurs in 
the diet in insoluble forms and their assimilation by the gastro- 
intestinal tract is consequently impossible. 

The local conditions existing Avithin the lumen of the small 
intestine may aid or deter the assimilation of calcium and phos- 
phorus. Soluble salts of calcium may be thrown out of solution by 
the presence within the small intestine of excessive amounts of the 
carbonates of the digestive juices. The presence of excessive 
amounts of phosphates may act similarly; and a marked alkalin 
reaction' of the intestinal contents may also precipitate soluble 
calcium salts and render them unassimilable. In the presence of 
large amounts of free fatty acids soluble calcium compounds are 
rendered insoluble through saponification. In consequence, exces- 
sive dietary fat, or the inability of the patient properly to digest 
the normal fat content of his diet (celiac disease) will, by rendering 
the dietary calcium insoluble, reduce the amount of this element 
available for assimilation. 

Contrasted to these deterrent factors, assimilation of calcium 
and phosphorus is augmented by an adequate supply of vitamin D; 
by an acid reaction of the intestinal contents; and by a systemic 
acidosis— such as may be produced by the administration of ammo- 
nium chlorid. 

The amount of ingested calcium phosphorus which is daily 
absorbed from the small intestine is not known but apparently 
A^aries AAudely in A’arious indiAuduals and at different times AAuthin 
the same indiAudual. The quantitatiAm intake of calcium and 
phosphorus may be quite adequate, but through faulty assimilation 
the amount of these elements reaching the tissues of the body may 
be inadequate. 

Naturally those portions of the ingested calcimn and phosphorus 
AA'hich are not assimilated are excreted. To this excretion of the 
unassimilated calcium and phosphorus must be added that portion 
of these elements AAdiich are throAA*n out from the blood stream. 
Normally 90% of the excretion is by AA'ay of the feces and 10% by 
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way of the urine. In normal adults the total amounts exci'eted in 
24 hours, as estimated in periods of days, are slightly less than the 
amounts of these elements ingested during the same period ot time. 

Calcium and phosphorus assimilated from the small intestine 
enter the plasma of the blood. The total calcium content of the 
serum is normally in a concentration of 10 mg. % and inorganic 
phosphorus in a concentration of 4 mg. %. In a chemical sense 
the blood serum content of calcium is regarded as a saturated solu- 
tion; certainly as regards neutral calcium phosphate the serum is 
saturated. The blood serum, however, does_ not behave in the 
unstable manner expected of a saturated solution. 

The total blood serum calcium is divided into three fractions; . 

(a) The first fraction represents a loose colloidal combination 
with serum protein. This fraction totals approxmatety 4 mg. %, 
is physiologically inactive and comprises the fraction which is most 
stable and undergoes the least fluctuation in concentration. . 

(b) The second fraction represents a chemical combination of 
calcium with phosphorus in the form of a salt solution. The con- 
centration of this fraction amounts to approximately 4 to 5 mg. % 
and is physiologically active. It is believed that the solution of 
this fraction is maintained through the intermediary action of 
parathyroid hormone and, according to Aub, brings the normal 
blood serum level of calcium above the renal threshold for this 
element and maintains it there. 

(c) The third fraction, amounting to 1 to 2 mg. %, is present in the 
form of ionized calcium and is physiologically active. 

Of the above three fractions, the last two are in equilibrium with 
phosphorus. Of the total calcium in the blood serum but 40 to 60 % 
is diffusible. 

It is important that the various fractions of blood serum calcium 
be determined. Abnormality of calcium metabolism is reflected 
more promptly in variations of the quantitative amount of either 
the ionized 'fraction or the second fraction, that held in solution 
through the action of parathyroid hormone. It is necessary to 
determine the total amount of blood protein, and consequently of 
protein metabolism, so that the calcium fraction in colloidal combi- 
nation with the serum protein may be accurately known. 

I here is a demonstrable reciprocal relationship betu'een the 
calcium and phosphorus content of the blood serum. If one rises, 
the other must fall if they are to remain in solution. Phosphorus 
exercises an important control in the maintenance of calcium solu- 
bilitj in the blood semm. The attempt is made to maintain the 
calcium-phosphorus concentration within the blood serum at a 
normal level. If it is not possible to obtain additional molecules 
from the diet, then the deposits in the bones will be drawm upon. 
Alteration in the normal concentration of these elements wnthin the 
blood serum, resulting from abnonualities of excretion, vitamin D 
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content, or parathjn’oid hormone secretion, are not to be considered 
at this point. 

It is possibly correct to regard the blood serum, calcium and 
phosphorus as being in a state of transportation either to or from 
the body tissues. It seems quite unlikely that the blood itself, 
although a circulating tissue, is actively engaged in the metabolism 
of these two elements. (This view is open to criticism.) The 
calcium and phosphorus of the blood serum are carried to the various 
organs and tissues of the body to perform their allotted functions. 

Soluble calcium salts (by converting prothrombin into thrombin) 
are essential to the clotting of blood. Calcium is essential for the 
contractibility of involuntary muscle and for the maintenance of a 
normal degree of neuromuscular irritability. It also exerts a 
dominant role in maintaining the selective permeability of the living 
cell. Phosphorus is essential to lipoid metabolism, to the energizing 
of muscular contraction, and, in an unknown manner, is apparently 
essential to the functioning of nerve tissue. As approximately 99% 
of the body calcium is present within the bones, the most important 
function of these two elements consists in their deposition within 
the skeletal system of the body. Particularly is this true in the 
young and growing individual, as the strength and integrity of the 
bones depends upon the adequate performance of this function. 

The manner in which calcium and phosphorus are removed from 
the blood stream, pass to the tissue fluids and are finally deposited 
in the form of tricalcium phosphate within the osteoid tissue of 
bones, comprises one of the great gaps in our Imowledge of the 
metabolism of these two elements. There are two views regarding 
the manner in which calcium and phosphorus permeate and are 
precipitated in osteoid tissue. One is that this transportation and 
precipitation takes place through the medium of specific cells— the 
osteoblasts; the other view holds that the permeation and precipita- 
tion is one of a chemical nature and is, for the most part, independent 
of cellular activity. 

Two substances play an important part in the precipitation of 
these elements in the osteoid tissue. The first is the enzyme flios- 
phatase which, being the product of cellular activity, is probably 
elaborated, in varjdng degrees, by all cells of the body. The 
second substances, vitamin D, plays a most important part in this 
precipitation. Attention should be called, at this point, to the 
fact that vitamin D is supplied from two sources: (1) Through the 
diet; (2) through elaboration within the body of the individual. 
In the second case certain of the ultraviolet rays of the sunlight, 
act upon cholesterol-like compounds within the skin of the in- 
dividual. These compounds, through the action of the ultraviolet 
rays, undergo a spatial rearrangement of their molecules and 
are transformed into vitamin D. 

Phosphatase is possibly activated by vitamin D, and through 
enCTTnic action, has, according to Kay, the power of converting the 
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calcium-pliospliate esters of the blood into insoluble tncalcium 
phosphate which is precipitated as such in the osteoid tissue. Sue i 
precipitation is aided by an alkalin balance or by an increase of 
the local phosphorus. Calcification is also found to vary inversely 

to the blood volume flow. .. . o i 

Calcium occurs in the bones in the proportion of 3 moieties 
of tricalcium phosphate to 1 molecule of calcium carbonate. Ihis 
proportion persists regardless of whether calcium is being deposited 
or withdravm from the bone. (75% of the ash of the entire body 
and 85% of the mineral matter of the bones is composed of calcium 
phosphate.) 

Although calcium is deposited in all parts of the bony skeleton, 
Aub has shown it can be most easily mobilized and withdrawn from 
the spongiosa of the long bones. Such arrangement_ permits of 
the normal withdrawal of necessary amounts of calcium with a 
minimum impairment of the structural strength of the bones. It 
seems likely that calcium may be withdrawn from these depots 
more readily than it can be obtained by assimilation from the diet. 
Such limitation does not hold when pathological decalcification is 
operative. 

Sight must not be lost of the fact that but two tissues normally 
calcify— bone and teeth. Experimentation has shown that these 
two tissues are the only ones which will undergo in vitro calcification. 
The calcification so produced closely resembles in vivo calcification. 
It must hence be concluded that bones and teeth possess over 
all other tissues a specific affinity for the calcium-phosphorus 
combination. 
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It is well known that alcohol addicts who consume little food 
often develop marked neurologic changes, whereas those who eat 
well, and m whom assimilation is not impaired by gastro-intestinal 

* Prcliniinaiy report appeared in Proc. Soc. Exp. Biol, and Med.. 32, llGl, 1035. 
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or hepatic disorders, rarely develop neurologic symptoms. Prior 
to the realization of the role played by the ^•itamins, it was thought 
that a full diet prevented tlie direct neurotoxic action of alcohol. 
That vitamin deficiency may be a factor in the development of 
polyneuritis in the alcohol addict was first mentioned, on theoretical 
grounds, by ShattuclP in 1928, and by Minot- in 1929; but Wechsler^ 
was the first to analyze qualitatively the dietary histories of alcohol 
addicts with polyneuritis. He concluded that avitaminosis played 
a definite, and possibly the decisive, role in the production of poly- 
neuritis. Meyei"* also studied several alcohol addicts, with the 
concept of avitaminosis in mind, and came to similar conclusions. 
Following Wechsler’s preliminary report Minot, Strauss and Cobb® 
analyzed qualitatively the diets of 43 alcohol addicts with poly- 
neuritis. In 41 subjects the diet was considered inadequate. They 
stressed the importance of the inadequate food intake, and the role 
played by disorders of the gastro-intestinal tract in conditioning 
the assimilation and utilization of the accessory food factors. 
They pointed out the similarity of the manifestations of beriberi 
and polyneuritis in the alcohol addict, and suggested a common 
etiologic factor, namely, the lack of vitamin B. Strauss,® in 1935, 
gave a pint to a quart of blended whiskey daily to each of 10 alcohol 
addicts Mth polyneuritis; in addition a vitamin-rich diet was given, 
supplemented by the oral administration of IS gm. of Vegex or 
90 gm. of brewer’s yeast, and 10 cc. of a vitamin Bi concentrate 
administered parenterally, with 10 cc. of liver extract parenterally 
at weekly intervals. On this regime Strauss observed that the 
peripheral neuritis improved as rapidly with alcohol as Avithout it. 
From this eAudence he concluded that ingestion of AAdiiskey had no 
demonstrable toxic effect on the peripheral nei’Ams. 

From the above literature on the etiology of polyneuritis in 
alcohol addicts it has been demonstrated: 

1. That the alcohol addict AAuth polyneuritis has as a rule a 
qualitatively inadequate food and Autamin intake.®- ® 

2. That assimilation or utilization of the accessory food factors 
is often impaired by gastro-intestinal or hepatic disorders.®- ® 

3. That the clinical manifestations and the pathologic findings 
of “alcoholic” polyneuritis and beriberi are remarkably similar.® 

4. That ingestion of large amounts of AAFiskey, AAdien accompanied 
by a A'itamin-rich diet, supplemented by Autamins administered 
parenterally and per os, has no direct neurotoxic action.® 

To complete the evidence, however, that polyneuritis* in the alco- 
hol addict is due to the lack of Adtamin B, the following postulates 
should be fulfilled: 1. It should be shown that the diet consumed 
by alcohol addicts with polyneuritis failed quantitatively, and oAmr 

* AA’c are cognizant of the fact that there are other etiologic factors than .ar-itam- 
inosis B that may cause polyneuritis. These may and do operate in the alcohol 
addict as in subjects not addicted to the use of alcohol. 
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a sufficient period of time, to contain adequate amounts of vita- 
min B as compared Y-ith the normal requirement. 2. It should be 
shown that the diet consumed by alcohol addicts without poh - 
neuritis, though the addiction was of long duration, contained 
quantitatively adequate amounts of vitamin B. This paper reports 
a series of quantitative observations bearing on the above pouite^ 
The vitamin B requirement of man has been estimated by Cowgilh 
from data on mice, rats, pigeons and dogs by the following formula; 


VITAMIN B mg. equiy a^ ^ 0.0000284 weight in gm. 

CALORIES 

We liai’e applied Cowgill’s method in a quantitative study of the 
diets of alcohol addicts to estimate their Autamin B and caloric 
intake. The values thus calculated were compared first, with the 
predicted requirement, and second, with the neurologic changes 
exliibited by these subjects. Cowgill has tested his formula by 
computing the ^'itamin B and caloric content of numerous human 
diets, associated and not associated with beriberi, and found a close 
agreement between the theoretical requirement predicted by his 
formula and the presence or absence of the disease. Examination 
of the Cowgill formula indicates that the vitamin B requirement 
is proportional to both the caloric intake and the body weight. 
From the nature of the equation, the expression 

ATTAiiiiN B mg. equivalent 
C.ALORIES 


(liereafter referred to as the itt/c.al ratio) may be used as a quanti- 
tative expression, by reference to Cowgill’s prediction chart,’ of 
the adequacy or inadequacy of the vitamin B content of the diet 
of an individual of known weight. Cowgill uses caloric intake to 
express for practical purposes the energy exchange of an indi^^.dual. 
The almost complete utilization by man of moderate amounts of 
alcohol is well known.* The energy exchange, however, calculated 
for practical purposes from tlie caloric intake, may not reasonably 
indicate the calories utilized when large quantities of alcohol are 
consumed, since under these conditions significant portions of 
alcohol may be excreted unchanged through the lungs and kidneys, 
or lost by vomiting and diarrhea, hloreover, the metabolic limits 
of the body to burn alcohol may be exceeded in subjects consuming 
more than a pint of whiskey daily, since iSIellanby® has calculated 
^ average man can oxidize but 10 cc. of alcohol per hour. 

ihe importance of the calories derived from alcohol in relation 
to A itamiu B requirement can be illustrated by using Cowgill’s 
calculation of the vit/cal ratio of Sherman’s"’ average American 
diet. 11ns diet contains GS47 mg. eq. of vitamin B and 2500 cal- 
ories. and gives a vit/c.vl ratio of 2.74. This ratio, by reference to 
t on gill s prediction chart, is adequate for a 9G kg. man. An indj- 
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vicinal who supplements this diet by one pint of wliiskey daily 
adds about 1600 calories to the denominator of the equation. The 
vit/cal ratio now becomes 1.67, AA'hich is adequate for a GO kg. man. 
An individual weighing more than 60 kg. on this vitamin B and 
caloric consumption would, theoretically, in time show evidence of 
a vitamin B deficiency. 

To calculate the vit/cal ratio of the diets of our subjects we used 
Cowgill’s^ Vitamin B (Bi) Index of Foods, which also lists the 
caloric values. Average portion weights'^ were used to estimate 
the consumption in grams of portions of various foods consumed. 
Fortunately for our calculations the diets of confirmed alcohol 
addicts are as a rule monotonous and simple, and less error results 
in the estimation of these diets than in the determination of the 
vit/cal ratios of persons consuming a full, varied, and mixed diet. 

The 42 subjects forming the basis of this study were tentatively 
selected on the probability of the patient giving an adequate and 
accurate history of the dietary and alcoholic intake. If the patient 
gave essentially the same history on several succeeding days (only 
about 1 in 10 alcohol addicts did this), and if from information 
gi\^en by friends or relatives the history seemed reliable, then the 
case was accepted for this study.* Two vit/cal ratios were calculated 
for each patient, one omitting (vit/cal without alc.) and one 
including (vit/cal with alc.) the calories derived from alcohol. 
In subjects consuming more than a pint of whiskey daily, a third 
ratio was calculated which included only the first 1600 calories 
derived from alcohol per diem as this is the probable maximum 
amount that can be oxidized (vit/cal + 1600), Each ratio was 
compared with the predicted requirement, and with the neurologic 
observations made before treatment was instituted. It is recognized 
that the alcohol addicts forming the basis of this study often mani- 
fested signs attributable to an avitaminosis other than B. At the 
present time, however, there is no method to estimate quantitatively 
the human requirement of these other vitamins. It was therefore 
impossible for us to correlate quantitatively the intake of vitamins 
other than B with the clinical findings in our subjects. 

We have included in this study two groups of subjects: those 
definitely having polyneuritis and those definitely not having poly- 
neuritis. Subjects included in the group having polyneuritis had 
at least absent ankle jerks and demonstrable sensory changes in 
the peripheral nerves. Most subjects in this group showed more 
than this minimal requirement. Subjects to be included in the 
group without polyneuritis had no changes in the deep reflexes and 
showed no sensorj' changes. Certain subjects showing changes 

* In the sense that only alcohol addicts who gave reliable histories were included 
in this study our cases are selected. However, those cases represent consecutive 
subjects admitted to the Medical Serince fulfilling the criteria for the diagnosis of ' 
Ijoljmeuritis who, according to our criteria, gave reliable histories. 
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falling betn-nen these too gtonps of criteria a-eve excluded from 
tlie study. 
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Results. In line with the hypothesis that polyneuritis in the 
alcohol addicts is due to lack of vitamin B, we find that the diet 
consumed by those alcohol addicts with polyneuritis failed quanti- 
tatively, and over a sufficient period of time, to contain adequate 
auiounts of vitamin B as compared with the predicted requirement, 
ihe evidence for this conclusion is presented in Table 1, w^hich 
presents data on 26 subjects. It will be noted that in these alcohol 
addicte an adequate or an inadequate diet in respect to vitamin B 
as estimated by the yit/cal without alc. ratio bears no relationship 
to the presence or absence of polyneuritis. In 18 subjects the diet 
alone was adequate when considered in relationship to the vita- 
min B requirement as calculated on the basis of food alone. Since, 
however, in these subjects a large percentage of the energy intake 
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was represented by alcohol, the calories obtained from this source 
should be included in the equation. When all the available calories 
are included (vit/cal with alc. ratio) the ^'itamin B intake became 
in every instance inadequate. Since 18 of these 26 subjects con- 
sumed more than 1600 alcohol calories daily, and thereby probably 
exceeded the metabolic limits of the body to burn alcohol, the 
vit/cal -f 1600 ratio may be the most representative ratio for this 
group. In the IS subjects to whom this formula was applicable 
every one remained inadequate in vitamin B intake as judged by 
Cowgill's predicted requirement. 


Table 2.— Summary of Observations on 8 Alcohol Abdicts Without Poly- 
neuritis Who Maintained an Adequate Vitamin B Intake. 
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On the other hand, the diet consumed by alcohol addicts without 
polyneuritis, though the addiction was of long duration, contained 
quantitatively adequate amounts of vitamin B as compared with 
the normal requirement. The evidence on which this conclusion 
is based is given in Table 2, where data on S subjects without poly- 
neuritis are tabulated. These subjects maintained an adequate 
intake of vitamin B even though they were on a daily consumption 
of alcohol varying from 450 to 2300 calories over periods ranging 
from 6 months to 40 years. In. every instance the vit/cal without 
ALC. ratio exceeded b.v a substantial margin the predicted require- 
ment, and even when the alcohol calories are included in the calcula- 
tion the diet remained adequate in respect to vitamin B. Each of 
these subjects regularh’ included in their diets a food that provided 
exceptional amounts of vitamin B. Sherman’s^® average American 
diet was estimated by Cowgill to have a vit/cal «ratio of 2.74. 
Each of these subjects maintained a vit/cal without alc. ratio of 
3 to 5. Subject 334, aged 64 years, has been a bartender since .the 
age of 24. During this 40-year period his average consumption of 
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alcohol has consisted of 10 H-ounce drinks of whiskey daily; the 
whiskey was placed in a 10-ounce bat glass which was then tailed 
with whole milk, and in this way the patient obtained at least 
75 ounces of milk daily. This amount of milk contains about 
1500 calories and about 8100 mg. eq. of vitamin B. By adding the 
1500 alcohol calories to the 1500 milk calories we obtain a vit/cal 
with ALC. ratio of 2.7 The additional food he consumed maintained 
his vit/cal with alc. ratio at 2.85, which just exceeded his predicted 
requirement of 2.75. Subject 403 obtained an extremely high intake 
of vitamin B by eating regularly 5 eggs and 2 slices of ham for 
breakfast, and 2 pork chops and bean or pea soup for lunch. These 
foods are all exceptionally rich sources of idtamin B.* ■ 


Table 3.— Summary of Observations on 8 Alcohol Addicts 'Without Poly- 
neuritis IVho Consumed Inadequate Amounts of "Vitamin B. 


. 

i 

c 

72 

Age. !| 

AlcoKoL 

_ _ 

Food: average 
daily con- 
sumption in — 

vit/cal ratios. 

Neurologic 

involvement. 

Time. 

>1 

's.s . 

tn 

o 

fee a 

Calorics. 

& 

o 

tc 

£ 

ffi 

> 

Without alco- 
hol. 

+ 1600 C. 

With alcohol. 

Cowgill's pre- 
dicted re- 
quirement. 

Polyneuritis. 

. 

Coni, 

Brain 

325 

F 

35 

14 D 

1,600 

2,500 

6,800 

2.7 

1.6 

1,6 

1.70 

0 

0 

0 

359 

M 

52 

7 D 

3,200 

112 

100 

0.9 

0.06 

0.03 

2.30 

0 

0 

0 

363 

M 

63 

14 D 

4,800 

0 

0 

0 

0 

0 

2.15 

0 

0 

0 

357 

M 

20 

18 D 

3,200 

640 

2,199 

3.4 

1.0 

0,6 

2.35 

0 

0 

0 

402 

M 

30 

6 M 

1,600 

2,165 

7,413 

3.4 

2.0 

2.0 

2.10 

0 

0 

0 

413 

M 

50 

10 D 

2,400 

638 

2,000 

3.1 

0.9 

0.7 

• 2.40 

0 

0 

0 

438 

M 

48 

21 D 

6,400 

412 

660 

1.6 

0.3 

0.1 

1.80 

0 

0 

0 

456 

M 

48 

2 M 

3,200 

1,445 

5,667 

3-9 

1.8 

1.2 

1.80 

0 

0 

0 


4 he 8 subjects listed in Table 3 were all deficient in vitamin .B 
intake as judged by the vit/cal with alc. ratio. As judged by 
the vit/cal -h 1600 ratio, 7 of these 8 subjects were deficient. The 
exception (Subject 456) had a borderline ratio. The protective 
factor in this group was the short duration of the alcoholic bout. 
In 6 of the S subjects the period of alcohol addiction did not last 
01 er 3 weeks. Subject 402 was on. an alcoholic bout for 6 months 
vith an average consumption of 1 pint of whiskey daily. His pre- 
dicted requirement a& judged by the iut/cal ratio was 2.1. The 
estimated vit/cal witli alc. ratio was 2, which falls within Cowgill’s 
borderline range. Subject 456 was on an alcoholic bout for 2 months 
with an average consumption of 1 quart of whiskey daily. His 
predicted requirement by the aut/cal ratio ivas 1 .8. The estimated 


estimation of the diets of the subjects i 
. ented m Tables 1 and 2 wore ns high as 50%. the A^it/Cal-blCOO r.atio of onlv . 
subject (334) would conflict with our postulates. ^ 
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vit/cal + 1600 ratio was 1.8. If all the alcohol calories are included, 
the estimated vit/cal with alc. ratio becomes 1.2, which is defi- 
nitely inadequate. This individual, as will be shown later, with 
this degree of vitamin B deficiency as measured by this latter ratio 
and over this period of time, would not with certainty develop 
polyneuritis. 

The time required to produce clinical evidence of polyneuritis 
on a vitamin B deficient diet is variable. That the disease may 
develop in a short time is demonstrated by 4 subjects (458, 4^9, 366 
and 336), all of whom had polyneuritis on admission following a 
period of vitamin B deficiency lasting 15, 20, 22 and 33 days, respec- 
-tively. We were able to date accurately the duration in 3 of these 
subjects since they began their drinldng bout on Christmas or 
New Year’s Eve. The other subjects having polynemitis were on 
a continuous daily consumption of whiskey varying from 6 weeks 
to 25 years. It is reasonable to assume that a subject having a 
vit/cal ratio equivalent to but 30% of the predicted requirement 
'’would develop clinical evidence of vitamin B deficiency earlier 
than a subject having 60 % of the predicted requirement. Ohomori^" 
found signs of nerve involvement as early as the 7th to 10th day 
on a diet estimated by Cowgill’s method to be 36% adequate. We 
have estimated the number of days of complete 100% deficiency 
by multiplying the per cent deficiency by the number of days over 
which the deficiencj'^ occurred (liereafter referred to as "days of 
estimated absolute deficiency”). In 10 days Ohomori’s subjects 
accumulated 6.4 days of estimated absolute deficiency of vitamin B. 
Frazer and Stanton'® fed a diet 68% adequate as judged by the 
vit/cal ratio to a group of laborers whose average requirement 
was a ratio of 1.25. The first case of beriberi appeared on the 89th 
day, or following 28.5 days of estimated absolute deficiency. We 
have calculated the days of estimated absolute deficiency in each 
of our subjects. In those subjects using more than 1600 alcohol 
calories daily the itt/cal + 1600 ratio was used in the determina- 
tion. Each subject with an estimated absolute deficiency of 21 days 
or more had polyneuritis. Since many subjects in this group may 
have had signs of peripheral neuritis for a variable length of time 
before observation, we have tabulated in Table 4 only the subjects 
who had estimated absolute deficiency for 21 days or less. Sub- 
ject 459 developed polyneuritis after 6.6 days of estimated absolute 
deficiency, while Subject 438 showed no clinical evidence of poly- 
neuritis after 17.4 days of estimated absolute deficiency. Poly- 
neuritis was present in Subjects 458, 366 and 336 after 11.4, 14.3 
and 19.1 days, respectively, of estimated absolute deficiency. It 
appears, therefore, that an individual may develop polyneuritis if 
the caloric need is satisfied by a diet free of vitamin B for a period 
of a week, while every individual in our series had polyneuritis if 
the period of estimated absolute deficiency was 21 days or more. 
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Subiect 456, without polyneuritis, is the only possible exception to 
the rule that an alcohol addict with an inadequate vitamin 13 
over a sufficient period of time will develop polyneuritis, ibis 
subject consumed a diet just adequate, as expressed by the vit/cal 
+ 1600 ratio, and therefore, on this basis, is not an exception, it 
all the alcohol calories are included in the denominator of the 
equation (a procedure which we do not feel to be justified, as 1600 
alcohol calories is the probable maximum amount metabolized 
within 24 hours), the a^t/cal with alc. ratio becomes 1.2, which is 
33% less than his predicted requirement of 1.8. On this basis the 
deficiency lasted only 60 days, giving 19.8 days of estimated absolute 
deficiency. It appears that this duration of vitamin B deficiency 
will not A\4th certainty produce polyneuritis. 


Tabi.e 4.— Correlation of Dats op Estimated Absolute Deficiency in Vita- 
min B AND Polyneuritis in the Alcohol Addict. 

Estimated 


Subject. 

Estimated 
deficiency 
in %. 

Duration of 
deficiency 
in days. 

absolute 
deficiency 
in days. 

Polyneuritis. 

325 . . . 

. . . 6.0 

14 

0.8 

0 

413 . . . 

. . . 03.0 

10 

6.3 

0 

459 . . . 

. . . 33.0 

20 

6.6 

+ 

359 . . . 

. . . 90.0 

7 

6.7 

0 

402 . . . 

... 5.0 

• 180 

9.0 

0 

357 . . , 

. . . 57.0 

18 

10.2 

0 

458 . . . 

. . . 76.0 

15 

11.4 

+ 

363 . . . 

. . . 100.0 

14 

14.0 

0 

366 . . . 

. . . 65.0 

22 

14.3 

-t- 

438 . . . 

. . . 83,0 

21 

17.4 

0 

336 . . . 

. . . 57.0 

33 

19.1 

+ 

467 . . . 

. . . 100.0 

21 

21.0 

+ 

297 . . . 

. . . 35.0 

60 

21.0 

+ 


Discussion. The etiology of polyneuritis in the alcohol addict is 
clarified by the quantitath^e estimation of the adequacy or inade- 
quacy of the vitamin B intake of alcohol addicts. The fact that 
every alcohol addict vdth polyneuritis had a atlt/cal with alc. or 
A'p/cAL 4- 1600 ratio beloAV the predicted requirement for this 
vitamin is in itself good evidence that the lack of vitamin B is the 
cause of the^ polyneuritis. This fact alone, hoAvever, is not direct 
and conclusive cA’idence. It is possible that the polyneuritis in 
the alcohol addict may be due to the direct toxic action of alcohol 
or cAen to the lack of another Autamin, such as Autamin A, as sug- 
gested by j\Iellanby,i'‘ and the inadequate intake of Autamin B may 
be coincidental because of anorexia. EAudence, in addition to that 
of btrauss,® that alcohol does not liaAm a direct toxic action on the 
peripheral nerves is derived from the fact that no alcohol addict 
AA ith an adequate vitamin B intake, as expressed by the atit/cal AAnth 
ALC. ratio, had clinical CAndence of peripheral neuritis. It is true 
that the group Avithout polyneuritis but AA-ith an adequate Autamin B 
intake (iable 2) had an aA'erage per diem intake of whiskey less 
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than the group with polyneuritis. These subjects, however, drank 
an amount of whiskey sufficient to cause polyneuritis if alcohol 
per se were its cause. To illustrate this point, 4 subjects having 
vit/cal with ALC. ratios above the predicted requirement used 
whiskey over a long period of time without developing polyneuritis. 
Of these, 3 subjects (340, 417, 454) used 1 pint of whiskey daily 
for 6 months to 10 years, and 1 subject (466) used 23 ounces of 
whiskey daily for 10 years. That this is a sufficient intake of whis- 
key, and continued over an adequate period of time, to cause poly- 
neuritis if alcohol had a direct neurotoxic action, is evidenced by 
the 3 subjects (297, 295, 335) with inadequate vit/cal with alc. 
ratios who drank but 1 pint or less of whiskey daily for 10 weeks 
or less and developed polyneuritis. Subject 335, with an inadequate 
xtt/cal with ALC. ratio, drank but ^ pint of whiskey, daily for 
2 months and developed polyneuritis. The 8 subjects with adequate 
vit/cal with ALC. ratios all drank ^ pint or more of whiskey daily 
for 6 months to 40 years without developing polyneuritis. It is 
therefore clear that in these subjects alcohol p)cr se, even when used 
in large amounts over a long period of time, had no direct toxic 
action on the peripheral nerves. 

The proof that polyneuritis in the alcohol addict and in beriberi , 
are due to. xdtamin B deficiency rests upon the same evidence. 
Both diseases have been shown to occur only in subjects having a 
vitamin B intake less than their predicted requirement. Neither 
disease occurs in subjects having a \dtamin B intake greater than 
their predicted requirement, unless their requirement is abnormally 
increased (fever, hyperthjToidism, pregnancy, diuresis) or assimila- 
tion is prevented (vomiting, diarrhea). Both diseases have similar 
clinical manifestations, and are characterized by similar pathologic 
findings. Both diseases, unless far advanced and the nerve lesions 
beyond repair, respond to adequate vitamin B therapy. We are 
therefore of the opinion that polyneuritis in the alcohol addict and 
beriberi are one and the same disease, and that both are due to 
the lack of vitamin B. 

It is suggested that the alcohol addict, to prevent a possible 
polyneuritis, should consume a full mixed diet supplemented by 
about 250 mg. eq. (50 Sherman units) of vitamin B for each 100 
calories of alcohol (about 1 ounce of whiskej’') he consumes. This 
amount of vitamin B can be conveniently obtained in about 1 gm. 
of Vegex. 

The lack of other accessory food elements, such as vitamin A, 
in association with the lack of vitamin B, as suggested by Mellanbyj^"* 
does not seem to us to play a very decisive role in the production 
of polyneuritis in the alcohol addict. The vitamin A requirement 
of human beings at present is unknown. The estimation of the 
adequacy or inadequacy of the xdtamin A intake in our subjects 
could be only conjecture. It is barely possible that each of our 
sulijects deficient in vitamin B Avas also deficient in Autamin A. 
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This is not at all probable as in many of our subjects the period of 
alcohol addiction and food inadequacy was relatively short. Ani- 
mals maintained on a diet deficient only in vitamin A require long 
periods of inadequacy before neurologic signs or symptoms become 
manifest. Conversely animals deficient in vitamin B develop neuro- 
logic changes relatively early. Polyneuritic signs in our subjects 
were always present after 21. days, and occurred as early as m 
7 days of estimated absolute deficiency. This is probablj^ too early 
to expect signs of vitamin A deficiency. 

There was in our subjects no very clear correlation between the 
degree of vitamin B deficiency and the presence or absence of central 
nervous system involvement. In the 12 subjects showing central 
nervous involvement, 10 had an estimated absolute deficiencj'^ for 
48 days or more. Subjects 443 and 467 showed signs of central 
nervous involvement after only 11.3 and 21 days, respectiveljq of 
estimated absolute deficieney. But other subjects may have an 
estimated absolute deficiency for longer periods of time without 
showing evidence of central nervous system involvement. Sub- 
jects, 472, 258 and 259, had 415, 240 and 126 days, respectively, of 
estimated absolute deficiency, but showed only peripheral nerve 
involvement. Although the changes in the central nervous system 
'appeared clinically to be associated with vitamin B deficiency, 
there is clearly no correlation between the degree of deficiency of 
vitamin B and the presence or absence of spinal cord or brain 
involvement. 

Summary. The vitamin B and caloric intake of 42 alcohol 
addicts, 26 of whom had polyneuritis, have been estimated quanti- 
tatively by Cowgill’s formula. Wlien the first 1600 calories con- 
tained in the alcohol consumed by each subject are included in the 
estimation of the vit/cal ratio, a definite correlation is found 
between the inadequacy or adequacy of the vitamin B- intake and 
the presence or absence of polyneuritis. Tins correlation is as 
follows; 

1. Every alcohol addict with polyneuritis had an estimated 
inadequate vitamin B intake. 

2. No alcohol addict with an estimated adequate vitamin B intake 
had polyneuritis. 

3. Every alcohol addict with estimated absolute deficiency of 
vitamin B for 21 days or more had polyneuritis. 

- 1 ^' may develop in an alcohol addict as early as the 

/th day of estimated absolute deficiency of vitamin B. 

Our dat.a substantiate the hj-pothesis that polyneuritis in the 
alcohol addict is due to the lack of mtamin B by demonstrating: 
(1) that the diet consumed by alcohol addicts vuth polyneuritis 
failed quantitatively and over a sufficient period of time to contain 
adequate amounts of vitamin B as compared with the predicted 
requirement; and (2) that the diet consumed by alcohol addicts 
nithout polyneuritis, though the addiction was of long duration. 
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contained quantitatively adequate amounts of vitamin B as com- 
pared with the predicted requirement. 

It is therefore concluded that alcohol has no direct toxic action 
(chronic) on the peripheral nei-ves, and that polyneuritis in the 
alcohol addict is due to vitamin B deficiency. 
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Since the introduction of novasurol as a mercurial diuretic by 
Saxl and Heilig,^ in 1920, attempts have been made to vaiy the 
organic portion of the compound in its relationship to mercury in 

* Read before the Scientific Meeting of the Committee on Cardiac Clinics of the 
New York Heart Association, April 23, 1935. 
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order to increase its efficiency and to decrease the general and^local 
toxicity. Thus salyrgan, introduced in 1924 by Bernheim," was 
found to have greater diuretic action and to be less toxic than 

novasurol.^ . . „ 

In 1928- V. Issekutz and v. Vegh** studied the duwetic action of 
numerous mercurial salts in rabbits and their toxicity in rats and 
found that preparation VI, a camphoric acid derivative, to be 10 to 
15 times less toxic than sublimate and one-half as toxic as salyrgan. 
IVhen combined with theophyllin, the diuresis was not only greater 
than that produced by salyrgan alone or salyrgan with theophyllin, 
but also retained the same relationship of toxicity as above. A 
combination closely resembling preparation VI was introduced 
clinically as novurit and is known in this country as mercupurin. 
This is a complex mercurial salt containing 5% theophyllin, 3.5% 
of which is claimed by the distributors^ to be chemically bound 
to it. The essential differences between mercupurin and salyrgan 
can be seen from an examination of their chemical formulae. 


Sai-tboan. 

/ \ O.CH.COONa + H-.O 


\ / CONH.CH2.CH.CH2.Hg.OH 

O.CHj 


CHj 

I 

CH2— C.COONa 


Mercupuhin. 


CHs— N— CO 


N- 


-C N.CH3 


C.CCHjH O.GH3 CH 

i I I 

CH2— CH.CO.NH.CH2.CH.CH-.Hg.N~ 


-G— CO 


Ihe allylamid group, although alike in both preparations, separates 
the mercury from a cyclopentane in mercupurin, and from a benzol 
ring m salyrgan. 

European investigators'^ in general have reported favorable clinical 
results with the use of mercupurin. In this country Crawford and 

^-•fi every instance but one a greater diuresis 

VI li tins dimg than witli salyrgan. On the other hand, although 
hulton and Bryan® found that clinically mercupurin was an effective 
diuretic they concluded that no preference could be given to it 
over saljTgan. ^ 

The conclusion one reaches from a survey of the literature is 
lat mercupurin seems to be an effective and probably a safe 
c iinetic, but that there is still some doubt as to whether the presence 
0 ^ leophyllm m it makes it a more efficient diuretic than the simple 
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The present stud.y was planned to determine the efficiency and 
degree of safety of mercupurin as a diuretic in man and secondly 
to determine, if possible, whether the presence of theophyllin was 
necessary. 

Methods and Results. Patients in congestive heart failure with 
considerable dependent edema were chosen for this study. AH were 
kept on a preliminary control period of absolute bed rest before 
any diuretic was administered. The diet averaged 2700 calories 
and consisted of C. 240 gm., P. 90 gm., F, lOS gm. with a daily 
salt intake of approximately 5 gm. This salt content is consider- 
ably higher than that used by previous investigators. It has been 
shown that occasionally the effectiveness of a diuretic diminishes 
after its prolonged use, probably the result of depletion of the ions 
necessary to maintain ionic equilibria in the body.®'^® There exists 
a definite relationship between the amount of fluid mobilized for 
diuresis and the amount of salt available in the body to be excreted. 
Since the salts of the urine, especially sodium chlorid, are increased 
vdth diuretics® and as sodium chlorid is a salt essential for life, the 
body takes necessary steps to prevent abnormal depletion of its 
concentration from the tissues.® Recently attention has been 
brought to the necessity of using an adequate diet ash in the treat- 
ment of edema of congestive heart failure.^^ For these reasons no 
restrictions were placed on the salt intake other than it should be 
constant from day to day. 

Fluid was restricted to 1200 cc, daily. Patients were weighed at 
the same time each day on a scale which was accurate to 2 ounces 
and which was brought to the side of the bed. Those too sick to 
be weighed were not included in this report. 

In the early stages of the study, urine output was measured 
but it soon became evident that it was more accurate to follow the 
daily weight curve because it fluctuated very much less during the 
control period. It is important to know the degree of edema present, 
as there is a definite relationship between the amount of fluid 
retained by the body and the subsequent diuresis. This point is 
well illustrated in Figure 1. The urinary output is not an indication 
of the amount of fluid that can be mobilized in the body for diuresis. 
The range between the weight before and after diuresis and the 
le^'el attained when the patient is edema-free is the best indicator 
for the effectiveness of a diuretic that is available at the present 
time. Of course it must be understood that loss in weight due to 
factors other than loss of edema must be controlled. For this reason 
those patients who could not be controlled as to diet, use of cathar- 
tics, vomiting, or any other factor which would influence body 
weight other than edema of congesti\’e heart failure were excluded 
from this study. 

Twenty patients were studied imder controlled conditions. When 
the weight was constant or increasing after a control period, the 
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.T^atient was given the diuretic. In those receiving dig\tahs the 
diuretic was not given until the patient was 

and the weight constant on a maintenance dosage, in all cases 
frequent urine specimens preceding and following each injection 
were examined especially for red blood cells. The ' 

route was used except in three instances when the drug was given 

intramuscularly. 
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Fig. 1. — Effect of initial body weight upon the diuresis produced by the injection 
of mercupurin (Case 4, Table 1). 

In Table 1 are shown the results of the administration of mercu- 
purin in 10 patients. In every instance a significant weight loss 
occurred. Diuresis usually began ndthin 4 hours and lasted more 
than 1 day. In 2 cases it appeared to initiate a diuresis which lasted 
as long as 4 days. Diuresis was considered complete when the 
patient stopped losing weight. The greater the amount of edema 
(as indicated by the patient’s weight) the' greater the weight loss. 
In 2 cases, ^ 3 and 5, to whom ammonium chlorid was given, an 
increased diuresis was obtained even though . the patients were on 
a lower initial weight level. This is in agreement with observations 
of a number of investigators with other mercurial diuretics. In 
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no case Avas there any evidence of a toxic action on the kidney. 
It is evident from a studj’- of these 10 cases that mercupurin is an 
efficient and safe diuretic. 


Table 1. — Showing the Dihketic Efficiency op Mercupuhin (M). 


Case No. 

' ) 

1 Case, i 

j 1 

Diuretic 

cc* 

1 Date. 

; 1 

1 

Amm. 

clilorid/ 

1 em. j 

Initial j 
wt. 

! AA't. 
first 
day. 

1 I.oss 

1 first 

1 day. 

Ma.v. 

loss. 

j Days 
j required 
i lor wt. 

1 loss. 

1 . . . 

' J. AV, ! 

M.~2.0 

, s/30 


150^ 1 

1384 

12 

12 

! 1 


1 

M.— 1.0 

: 9/7 


143 , 

139 

i 4 

4 

1 1 

2 . . 

■ C. AV. ! 

M.~2.0 

! S/2S 

,, ! 

106 

98 

8 

18 

2 

3 . .. . 

1 G. D. ! 

M.~2.0 

; 8/28 

i 

1805 , 

1745 

0 

6 

I 1 


’ 1 

’ 1 

M.~2.0 

i 9/1 

• . . 1 

175 1 

1 1705 

! 45- 

7 

' 3 


. i 

M.~2.0 

' 9/5 

. . t 

169 ' 

j 1075 

! 14 

2-5 

1 3 


: 1 

M.~2 0 

' 9/14 

, 5.4 i 

1061 i 

■ 1515 , 

15 

174 

2 


1 

1 

M.~2.0 

: 9/18 

' 5.4 ! 

1 

155 

! 145 

: 10 

10 

! 1 

4 .. . 

F. B, 

i M.— 1,0 

; 12/13 

' ! 

198 

189 

: 9 

14 

4 


i 

: M.— 1.5 

12/19 

t i 

1 • • t 

183 

171 

! 12 

13 

2 



i M.— 1.5 

( 12/24 

( 

i ' ‘ ! 

1704 

163 

75 ' 

95 

2 



! M.-1.5 

: 12/28 

; •• ! 

164’ 

157 , 

7 ! 

9 ; 

2 


( 

M.-1.5 

! 1/3 

. . 1 

1 i_ 

158 

1535 

45 : 

45 

1 

5 . . . 

: B. J. ! 

f M.— 1.0 

' 12/15 

. * ■! 

144 

141 

1 3 , 

8 

i 4 


i j 

i M.— 2.0 

! 12/18 

■ i 

130 

135 

i 1 , 

6 1 

3 


I 

1 M.-2 0 

. 12/32 

■ 54 j 

131 

128 

1 3 ,i 

<5 1 

! 4 


1 ! 

M.-2.0 

. 12/27 

1 5.4 i 

127 

120-5 

65 ' 

10 j 

4 



: M.—2 0 

! 1/3 

1 5.4 i 

120 

1125 • 

i 

i 7-5 : 

105 1 

^ 4 

6 . . . 

1 N. S. ! 

; M.— 2,0 

■ 1/5 

1 

123 

118 

1 5 I 

5 

1 

7 . . , 

; AA^ M. 1 

M.— 2,0 

1/2 






2 


i i 

j M.— 2.0 

: 1/5 

i ! 





2 

8 . . . 

: B. J. 

M.— 2.0 

1/31 

. ; 

164 

157 

7 ‘ 

10 

2 

9 . . . 

i H. R. 

1 M.— 2.0 

; 2/6 

I ' ' ’ 

96§ 

93 

35 : 

45 

2 

10 , . . 

! F. K. 

1 M.— 1.0 

1 1/15 


184 

179 

5 

01 

i 2 



’ M.-2.0 

i 2/6 


1005 

104 

25 : 


1 


I , ; 1 


Our next step was to compare mercupurin with a mercurial 
diuretic having about the same mercury content per injection dose 
but not containing theophyllin. Salyrgan Avas found to meet 
these requirements and had the added adA'-antage of being used 
extensively. In comparing the efficiency of two diuretics in man 
difficulties are encountered AAdiich make it liard to cA'-aluate the 
results obtained. Variables are present which can be controlled 
only in part or not at all. The beneficial effect of diuretics seems 
to wear off to a Awiable degree in certain cases after being given 
OA'er a long period.®^- They are often less effectiA'-e when giA’-en 
close together eA^en though the dosage be increased.^'* On the other 
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hand, certain patients show an increasing response to mercurials, 
so that a progressively greater diuresis results. In addition, it tie 
different diuretics are given alternately, we may have the possible 
delayed effect of the one given earlier. Nevertheless, in spite ot 
these variables, if the results are all in the same direction one would 
be justified in attaching some significance to them. 

Salyrgan is dispensed in a 10% solution containing 39.6% mer- 
cury by weight (1 cc. contains 0.0396 gm. Hg). hlercupurin is 
dispensed in a 13.5% solution containing 29.1% mercury by weight 
(1 cc. contains 0.0393 gm. Hg). Thus 1 cc. of each preparation con- 
tains approximately equivalent amounts of mercury. Each diuretic 
was administered, using the mercury content as the basis for dosage 
(except in the first 4 cases where a slightly higher dosage of salyrgan 


was used). 

The diuretics were given alternately, allowing as nearly as possible 
the patient’s weight to return to the initial level before the second 
drug was given. This was done so that approximately the same 
amount of retained edema was present in the body before each 
diuretic was given. As we have just shown, such a control is 
extremely important because the eirtent of the diuresis depends in 
a large part on the amount of edema present. Such a procedure 
entailed no hardship on the part of the patient because the patient 
was ready for the second diuretic at about the time it would ordi- 
narily have been given. The cases selected for this study were 
those who regained weight rapidly. It is probably for this reason 
that the diuresis did not continue as a rule for more than 1 day, 
contrary to the group shown previously. In Case 12 (Table 2) 
the edema was so marked and the clinical condition so poor that 
it was not desirable to follow this rule quite so rigidly. In Case 18 
(Table 3) a series of injections of salyrgan were followed by a series 
of mercupurin. 

The results are shown in Tables 2 and 3. Of the 9 cases tabulated, 
in 6 mercupurin produced a greater loss of weight than saljugan, 
in 2, Cases 12 and 14, the results were equivocal, and in no case 
did saljTgan produce a greater diuresis than mercupuriq. It will 
be noted that mercupurin was given at times where the initial 
weight was below that when saljugan was given and yet the diuresis 
was the same or even better. With Case 18 (Table 3) mercupurin 
not only produced a greater loss of weight but the interval between 
injections could be lengthened and still maintain the patient on a 
lower average weight level than when he was on salyrgan (Fig. 2). 

r study more intimately the diuresis of the two drugs 

the following method was used: The patient was put under prac- 
tically basal conditions. He was always allowed to regain his initial 
weight level before the comparison was made, otherwise the results 
would not be valid. Breakfast, which was essentially the same 
lor every day the observations were made, contained very little 
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fluid (less than 250 cc.) and was given at 7 a.m. At 9 am . the 
patient voided and the urine was discarded. He then voided every 
I hour for 8^ hours. At 10 a.m. the diui-etic was given intravenousl 5 ^ 
No fluid or food was administered during the period of observation. 
In the 4 cases in which this was done, it was found that tJie peak 
of the diuretic effect was between the 4th and 5th hours with both 
drugs, and in every case mercupurin reached a higher level and 
produced a greater total diuresis (Fig. 3). 


Table 2.— Compabison of Mebcupurin (M) and Salyrgan (S) When Given 

Alternately. 


Case No. 

Case. 

Diuretic 

cc. 

Date. 

Amin. 

chlorid 

gm. 

Initial 

«t. 

wt. 

first 

day. 

Loss 

first 

day. 

1 

Max. 

loss. 

Days 

1 required 
for wt. 
j loss. 

11 . . . 

S. R. 

M.— 2.0 

10/23 


146 

135 

11 

I 

11 

( 

1 1 



S.— 2,2 

10/31 


143J 

130J 

7 

7 

1 



M.— 2.0 

11/7 


141 

132 J 

Si 

S5 

1 



S.~2.0 

11/16 


140 

133 

7 

7 

1 



M.— 2.0 

11/22 


141 

131 

10 

10 

1 



S.-2.0 

11/28 

. . ! 137J 

129 


Si 

1 



M.-2.0 

12/4 

. . ; 139 

128i 

105 

105 

1 



M.— 1.0 

12/15 

2,4 

138 

125 

13 

13 

1 



S.-l.O 

12/27 

2.4 

134 

129i 

45 

45 

1 

12 . . . 

J. K. 

M.— 0.9 

9/3 


134 

133 

1 

1 

1 



S.— 1.0 

10/18 


13U 

130i 

15 

15 

1 



M.— 0.9 

10/29 


125 

119i 

55 

5f 

1 



S.— 1.0 

11/7 


123 J 

120J 

35 

35 

1 



S.— 2.0 

11/14 


126 

117i 

Si 

Si 

1 



M.— 2.0 

-11/21 


120 

112 

8 

8 

1 

1,3 .. . 

S. K. 

M.— 0.9 

10/31 

■ 

199 

1951 

35 

35 

1 



S.— 1.0 

11/3 


197i 

198 

0 

0 

0 



M.— 1.8 

11/7 


200 i 

191 

9i 

9i 

1 



S.— 2.0 

11/12 


195 

192 J 

25 

25 

1 



M.— 2.0 

11/15 

Hi 

191 

183J 

75 

75 

1 



M.~2.0 

11/20 

IB 

1S3| 

... 

178 

55 

55 

1 

14 . . . 

E. D. 

S.— 2.2 

11/6 

Hi 

147 

139 

75 

75 

1 



M.--2.0 

11/13 

■ 

143 J 

135 

S5 

8-5 

1 

15 . . 

J. B. 

S.— 2.0 

12/18 


154 

154 i 

0 

0 

0 



M.— 2.0 

12/29 


151 

142 

9 

9 

1 



S.— 2.0 

1/4 


150 

147J 

25 

25 

1 

16 . . . 

H. G. 

M.~2.0 

12/29 


164 

144 

10 

10 

2 



S.— 2.0 

1/8 


148i 

141 

75 

85 

2 



M.— 2.0 

1/26 

Hi 

143 

133 

10 

10 

1 

17 . . . 

F. G. 

M.~1.0 

1/15 


146 

146 

0 

0 

0 



M.— 2.0 

1/18 


146 

146-5 

0 

0 

0 



S.— 2.0 

1/21 


158 

159 

0 

0 

0 



M.~2.0 

1/25 

5.4 

158 

158-1 

0 

0 

0 


Although these ex-periments suggested that the presence of 
theophyllin in a mercurial diuretic would enhance somewhat the 
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effectiveness of tlie diuretic, still the experiment was not ideal. 
Although salyrgan and inercupurm contain approximately the 
same amount of mercury per dose, still the organic portion of the 
molecule differs considerably. Therefore, it is possible that th s 
variation in chemical structure rather than the presence of theophyl- 
lin might be responsible for the difference in diuretic effectiveness. 
For that reason a quantity of the theophyllin-free mercurial salt 
of mercupurin was obtained and put into solution so that the 
mercury content per dose would be the same as that of mercupurin. 
Four cases were studied and results are given in Table 4. 


Table 3. — Substitution op Mercupurin (M) for Salyrgan (S) and Vice Versa. 


Case No. 

, CaBe. 

Diuretic, 

cc. 

Date. 

Amm, 

chlorid, 

gm. 

Initial 

wt. 

Wt. 

first 

day. 

Doss 

first 

day. 

Max. 

loss. 

Days 
required 
for -n’t. 
loss. 

18 . . . 

E. B. 

S.— 1.0 

11/18 


189 

192} 

0 

0 

. 0 



S.— 2.0 

11/22 


190^ 

184 

6| 

6| 

1 



S.— 2.0 

11/24 

3.6 

184 

180 

4 

4 

1 



S.— 2.0 

11/27 


T86 

182 

4 

4 

1 



S.— 2.0 

11/30 


185 

180 

5 

5 

1 



M.— 2.0* 

12/2 


1821 

180 

2} 

4 

2 

. 


M.— 2.0 

12/6 


183 

176 

7 

7 

1 



M.— 2.0 

12/11 


182 

177 

5 

5 

1 



M.— 2.0 

12/15 


18U 

176 

5} 

5} 

1 



M.~2.0 

12/19 


182i 

176 

6} 

6i 

1 



M.— 2,0 

12/24 


185 

177 

8 

8 

1 



M.— 2.0 

12/28 


184 

176 

s ■ 

8 

1 

19 . . . 

F. S, 

M.—2.0 

2/27 


im 

114 

4| 

4} 

■1 



M.~2.0 

3/9 


118 

113 

5 

5 

1 ' 



M.— 2.0 

3/20 


im 

113 


4} 

1 



S.-2.0 

4/4 


1181 

116 

2} 

2} 

1 



S.--2.0 

4/16 


119i 

117} 

2 

2 

1 


* Intramuscular injection. 


In 2 cases (Nos. 15 and 20) a greater weight loss occurred with 
mercupurin than with the theophyllin-free salt. In the 2 others, 
Cases 18 and 19, the weight loss was about the same for each. This 
may be due to the fact that the small amount of edema initially 
present in these 2 patients needed only a small dose of a diuretic to 
bring the weight down to a basal level, and that the doses given 
here were therefore in excess of that required. In order to study 
the difference more closely in these 2 cases, half-hour observations 
of urinary output, as described above for the comparison of saljngan 
and mercupurin, were done. In both cases there was a greater 
diuresis produced by mercupurin than its salt free of theophyllin. 
A comparison was also made with salyrgan and it was found that 
saliTgan and the mercurial salt free of theophyllin gave practically 
the same results (Fig. 4). These experiments further support the 
view that it is the presence of theophyllin in the mercupurin which 
accounts for the greater diuresis. 
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Fig. 2. — Sho\\ing greater loss of weight and maintenance on a lower average weight 
level when mercupurin was substituted for salyrgan (Case 18, Table 3). 



HALF HOUR PERIODS 


Fig. 3. — Half-hour observations of the urinary output following administration 
of mercupurin and saljTgan, Patient was allowed to regain initial weight before 
either diuretic was given (Case 11). 
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Tab-le 4 ■ Showing Role Plated by Theophyllin Fkaction of Mebcopebin 
BY Compabing Mbbcuphbin (M) with the Mbbcebial Salt Contained in Meb- 


Case No. 

Case. 

Diuretic, 

cc. 

Date. 

Amm. 

?hlorid, 

gm. 

Initial 

V.'t. 

Wt. 

first 

day. 

Loss 

first 

day. 

Max. 

loss. 

Days 
required 
for -wt. 
loss. 

■ 

15 - . . 

J.B. 

M.— 2,0 

12/29 


151 

142 

1 

9 

9 

1 

M'T— 2.0 

1/15 

. . 

1451 

140 

64 


1 



M.— 2,0 

1/21 


142 

138 

4 

4 

1 



M.— 2.0 

1/24 


139 

1364 

4-4 

44 

1 



M.— 2.0 

2/2 

3.6 

135 

130 

6 

6 , 

2 



. M.— 2.0 

2/5 

3.6 

129-1 

121 

84 

SI' 

1 



M.— 2.0 

2/11 

3.6 

125 

118 

7 

7 

1 



M-T— 2.0 

2/21 

3.6 

1221 

1204 

2 

2 

1 



M.— 2.0 

2/26 

3.6 

1261 

121 

64 

54 

1 



M-T— 2.0 

2/28 

3.6 

126-i 

1214 

34 

34 

1 



M.— 2.0 

3/5 

3.0 

128 

124 

4 

4 

1 



M-T— 2.0 

3/7 

3.6 

1274 

123 

■44 

44 

1 



M.— 2.0 

3/12 

3.6 

129 

121 

8 

8 

1 

IS . . . 

E. B. 

M.— 2.0 

12/28 

■ 

184 


8 


■■ 



M-T— 2.0 

1/22 

■ 

184 


m 


Hi 

20 . . . 

P. S. 

M.— 2.0 

2/4 


1724 

166 

6i 

64 

1 



M.— 2.0 

2/9 


163 

161 

2 

8 

3 



M-T— 2.0 

2/14 


156 

166 

0 

0 

0 



M-T— 2.0 

2/19 

5.4 

150.4 

149 

U 

54 

3 



M.— 2.0 

2/22 

5.4 

145 

142 

3 

84 

2 ‘ 

19 . . . 

r. s. 

M.— 2.0 

2/27 


1184 

114 

44 

44 

1 



M-T— 2.0 

3/5 


1161 

113 

34 

34 

1 



M.— 2.0 

3/9 


118 

113 

5 

5 

1 



M-T— 2.0 

3/14 


1174 

113 

44 

44 

1 



M.— 2,0 

3/20 


1171 

113 

44 

44 

1 



M-T— 2.0 

3/28 


1171 

113 

44 

44 

1 


In no case was a slough or venous thrombosis produced with 
94 intravenous injections of mercupurin, but out of 27 intravenous 
injections of salyrgan 4 cases developed a thrombosis or slough. 
The. local reactions of both these drugs and the part played by 
theophyllin will be discussed fully in a subsequent paper.^^ 

Although frequent and careful microscopic urine examinations 
were made throughout^ no evidence of damage to the kidney wms 
noted in any case with any of the drugs used. Even in the patient 
having glomerulonephritis (Case 16), where a mercurial diuretic 
had to be given because nothing else was effective, no evidence of 
mcreased kidney damage due to the mercurials could be detected 
from a study of the urinary sediment. 

Discussion. Organic preparations of mercury in a non-ionizable 
form have re])laced the use of calomel in the treatment of edema. 
It lias been suggested by v. Issekutz and v. Vegh,^ and later by 
I'ourneau and Melville,^^ that the chemical structure of the various 
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preparations is an important factor in determining diuretic efficiency 
and toxicity. Thus, the latter conclude that ‘’mercurial toxicity is 
not in direct relation to either tlie quantity per se of mercury injected 
or to the general chemical reactivity of the substance as shown by 
the action of certain chemical reagents, but rather dependent 
primarily upon the direct chemical linkage of the metal,” while 
"structural changes in chemical constitution might lead to variation 
in diuretic activity.” It will be recalled that the theophyllin-free 
mercurial salt of mercupurin differs in its structural formula from 
that of saljmgan and theoretically should therefore differ in its 
toxicity and diuretic effectiveness. The evidence submitted by 
v. Issekutz and v. Vegh^ indicates that saljTgan is more toxic than 
the theophyllin-free mercurial salt of mercupurin, but neither they, 
in their animal experiments, nor we, in our work in man, were able 
to detect any measurable differences in the diuretic effectiveness of 
the two drugs. 



Fig. 4. — Half-hour observations comparing mercupurin, salyrgan and the thc- 
ophyllin-free mercurial salt contained in mercupurin. Patient was allowed to regain 
initial weight before each diuretic was given (Case IS). 


The question of the mechanism of the diuresis resulting with 
xanthin and mercurial preparations, although still open to dispute, 
was markedly clarified with the use of Rehberg’s*® method for 
measuring glomerular filtration and tubular reabsorption. Evidence 
at the moment indicates that both the xanthins and mercurials 
have their action directly upon the kidney, the former increasing 



537 


DIURETIC EFFECT OF MERCUPURIN IN MAN 

glomerular filtration and the latter decreasing tubular reabsorption. 
The literature on this subject has been recently reviewed by 
Schmitz^®'* and Binger and Keith.^®'* If the meehanism of diuresis 
is such that both types of diuretics have different sites of action in 
the kidney, it is evident then that upon purely theoretical grounds 
a combination of both would possess possible advantages. The 
■results of v. Issekutz and v. Vegh/ who were the first to use a 
combination of both diuretics, have already been discussed. Recently 
Herrman^^ and his coworkers have likewise found clinically that, 
when the diuretics were given together or alternately, a better 
clinical result was obtained. 

From our results it is also seen that theophyllin plays a part when 
combined with a mercurial salt in the removal of edema fluid. This 
is in accord with the results of Crawford and McDanieP in their 
comparison of mercupurin and saljugan and the experimental work 
of Fulton and Bryan.* 

Conclusions. 1. Mercupurin is an effective and safe diuretic. 

2: The diuretic effect of mercupurin is greater than that of a 
mercurial diuretic not containing theophyllin. 

3. The superiority of mercupurin is chiefly if not entirely due to 
the presence of theophyllin. 

4, No local reaction from intravenous administration of mercu- 
puriu was noted in 94 injections. 
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ON THE DIFFERENTIATION OF COLORED CEREBROSPINAL 

FLUIDS. 

By F. H. Robinson, M.D.* 
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AND 

B. N. Miller, M.D., 

RESIDENT HOUSE OFFICER, DUKE HOSPITAL, DURHAM, N. C. 

(From the Department of Medicine, Duke University, School of Medicine.) 


In this communication we wish to report upon studies of colored 
spinal fluids; to try to define more exaetly their mode of production 
and to suggest the routine use of the benzidin test in their etiologic 
differentiation. 

Froin,i in 1903, first directed attention to the “syndrome de 
coagulation massive et de xanthochromia” which now bears his 
name. Nonne,- some 5 years later, described a marked increase 
in protein, but with no pleocytosis or xanthochromia in 3 cases of 
cord tumor. Hanes,® in 1916, correlated the findings of Froin and 
Nonne by pointing out that the Nonne syndrome represents the 
earliest spinal fluid change in cord compression, whereas the Froin 
syndrome is the result of long-standing cord compression which 
produces a cul-de-sac distal or caudad to the lesion. “Any patho- 
logic alteration of the vertebrte, dura mater or pia arachnoid which 
leads to partial or complete obliteration of the pia arachnoid space 
and the formation of a cul-de-sac is capable of producing the syn- 
drome of xanthocliromia with excess protein and massive coagula- 
tion. If the pathologic change is associated with inflammation of 

* Fellow, The Henry Strong Denison Research Foundation. 
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the meninges there will be a leukocytosis of the fluid, but when the 
compression is due to noU-inflammatory growths no_ pleocytosis is 
present.” Ayer/ in 1919, produced xanthochromia with an increase 
of protein without pleocytosis in cats by the epidural, injection of 
molten paraffin. 

Colored spinal fluids (1) may be;produced by hemorrhage into 
the subarachnoid space, (2) by spinal cord compression, (3) by 
severe inflammatory reactions, (4) by carotinemia and^ (5) are 
found in the xanthochromia of the newborn. Obviously it would 
be of great aid if some simple test could be used which would sepa- 
rate yellow fluids due to compression on the one hand, frorn tinge- 
ing of the fluid from hemoglobin or its derivatives. During the 
past 3 years the benzidin test as modified by Sclilessinger and 
Holst® has been used routinely in the naedical clinic of Duke Hospital 
upon all spinal fluids. Devine and Robinson, of this clinic,^ by a 
carefully controlled series of studies (unpublished) were able to 
show that the benzidin test for hemoglobin in the cerebrospinal 
fluid is positive in dilutions up to 1 in 50,000 (or about 100 red 
cells per qc.), but is negative in dilutions of 1 in 100,000 (or 50 cells 
per cc.). In a series of 100 fluids obtained from routine punctures 
they found that 12 (8%) gave a positive benzidin test, and all of 
these contained more than 100 cells per cc. After centrifuging 
such fluids the supernatant fluid did not give a positive benzidin 
test. 


The conditions are quite otherwise in cerebrospinal ^uids dis- 
colored by subarachnoid hemorrhage. Here, except in very early 
bleedings, which cause no confusion, the supernatant fluid after 
centrifuging gives a strongly positive benzidin reaction. We have 
been able to follow the cerebrospinal fluid in 1 case of subarachnoid 
hemorrhage until all tingeing had disappeared, but this perfectly 
clear untinged fluid still gave a positive benzidin reaction. 

The literature contains very few data on the benzidin reaction 
of the yellow fluids found in the cord compression syndrome. This 
problem seemed peculiarly suited to experimental study. We have 
devised the following method by means of which a slowly develop- 
ing compression of the spinal cord in dogs can be produced. The 
laminEB of the third and fifth thoracie vertebra are resected, leaving 
the fourth lamina in place. If now a small collodion bag filled with 
a concentrated suspension of gum acacia is placed beneath the 
ourth lamina extradurally, and the wound closed, the collodion 
Mg slowly distends and compresses the cord.' Bags of various 
sizes were used, containing from 0.25 to 0.5 cc. of gum acacia and 
compressmns of varying severity could thereby be accurately pro- 
ucea. From our 14 protocols we have selected 4 as typical. 

inSted°enifLi5i? coUo^on sac fiUed with a solution of acacia was 
for 2 -fi ^ i fourth thoracic vertebra. The dog wallred 

for 2 days without motor impairment and then began to manifest increas- 
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ing spasticity of the lower extremities which amounted to a parajilegia on 
the 8th day. On this day the cerebrospinal fluid below the block was clear 
yellow and ■ ■ '^-.nding, reacted negatively to the Ijenzidin test, 

gave a 3+ ' ■; ■ and contained 8 leukocytes per c.mm., no 

erythrocytes. The dog was sacrified and autopsied on the 14th day and 
the fluid at this time was yellow, gave a negative benzidin reaction, a 3+ 
Pandy, contained 18 leukocytes and no erythrocytes. The cord was found 
compressed by the collodion bag and the veins of the spinal canal and dura 
were markedly dilated below the block and slightly dilated for a few centi- 
meters above the block. 

Doff 7.— A collodion bag containing a concentrated solution of glucose 
was inserted epidurally in this case and the dog was unable to walk after 
operation. Prior to autopsy on the 4th day, however, slight return of 
function was noted. , A lumbar puncture was done about 18 hours after 
operation and the fluid was clear, colorless, contained 2 leukocytes and 
gave a negative benzidin and Pandy reaction. On the 4th daj’' the animal 
was sacrificed and autopsied. The collodion bag was found to have rup- 
tured and the dura was adherent at the level of the block. There was only 
slight venous engorgement below the block. The cerebrospinal fluid was 
yellow, contained 10 leukocytes and gave a negative benzidin reaction and 
a 3-f Pandy. 

Doff 8.— One day after operation (collodion and acacia bag) this dog 
began to show weakness of the liind legs in walldng, whicli progressed to a 
paraplegia by the 3d day and continued throughout the course of the 
experiment. On the 3d day the cerebrospinal fluid below the block was 
removed. It was yellow, gave a negative benzidin reaction, a 3-f- Pandy, 
contained 6 leukocytes and 82 erythrocytes. A lumbar puncture on the 
10th was contaminated with blood and it was noted tliat the last drops did 
not appear bloody. _ This fluid contained IS leukocytes, 576 erythrocytes, 
gave a strongly positive benzidin reaction and a 3-t- Pandy. Mter centri- 
fuging at high speed, the supernatant fluid was yellow, contained no cells 
and gave a 3+ Pandy reaction and a negative benzidin. At autopsy on 
the 10th day the cord was found compressed by the collodion bag and the 
veins of the spinal canal and dura w'ere markedly engorged below the block 
and obliterated at the level of the block with a slight engorgement for 2 or 
3 cm. above the site of compression. 

Doff 3 . — This dog began to manifest some weakness of the hind legs on 
the day after operation (collodion and acacia bag) which progressively 
became more marked, but he was able to move his legs at the time of his 
sacrifice on the 3d day. On this day an autopsy was performed and the 
cerebrospinal fluid below the block was yellow, contained 6 leukoc^des, no 
erythrocytes, gave a negative benzidin reaction and a 3-f.. Pandy. The 
cord was found only slightly compressed. The veins at this level, however, 
were obliterated. They were engorged below the block and were slightly 
more prominent than normal for a few centimeters above the level of 
compression. 

Doff 14.— In this case a tape, about 1 cm. in width, was tied snugly 
about the cord epidurally, and immediately after the animal regained 
consciousness a paraplegia was evident. The animal was left with this 
paraplegia in extension for 5 days and then autopsied. The cerebrospinal 
fluid below the block was 3'^ellow, clear and _ contained 4 leukocytes, no • 
erytlirocytes, gave a 3-f Pandy and a negative benzidin response. The 
tape constricted the spinal cord to a rather marked degree and also pressed 
against the anterior longitudinal veins of the canal and obliterated them 
at this level; but they were markedly engorged below the block and for a 
few centimeters above the block were more than normally prominent. 
The veins of the dura below the block were engorged. 
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In every case a routine cisterna puncture was done at autopsy 
and the cerebrospinal fluid removed was uniformly normal. 

Comment. The severity of the symptoms of cord compression 
was directly proportional to the size attained by the collodion bag 
and to the duration of the compression. As a rule, the animal was 
able to walk quite normally for 2 or 3 days following the operation, 
but a progressive weakness of the legs then developed which, on the 
fourth day, culminated in paraplegia in extension. 

Cerebrospinal fluids removed by lumbar puncture within the first 
24 hours were quite normal, and fluids removed from the cisterna 
magna were always normal regardless of the severity or duration 
of the cord compression. After the first day the changes in the 
cerebrospinal fluid below the block were remarkably constant. 
There was at first a marked increase in protein, which in prolonged 
blocks resulted in spontaneous massive coagulation of the fluid 
removed. Such fluids showed a canary yellow color, but no pleo- 
cytosis. The henzidin reaction wa^ uniformly jlegative on all 
We feel that we can state positively that the cerebrospinal fluid in 
the pure syndrome of spinal cord compression does not give a 
benzidin reaction. 


At autopsy identical findings were observed in all animals, con- 
sisting of compression of the cord by the distended bag with oblitera- 
tion of the subarachnoid space and the formation of a cul-de-sac 
below the block. For about 3 cm. above the area of compression 
and 7 cm. below the venules of the leptomeninges were greatly 
engorged. Lying extradurally there are 2 longitudinal veins in 
the anterior portion of the spinal canal which anastomose with 
radicles from each segment of the cord, and with veins which run 
along the vertebral column outside the canal. These veins were 
found to be compressed at the region of the block and engorged 
for a few centimeters above and below the block, in which latter 
position they were especially prominent, being about 3 times their 
normal size. Microscopic studies of the spinal cords showed no 
inflammatory changes. 


Discussion. The possibility of distinguishing between xantho- 
chromia, whether due to hemorrhage, to inflammation or to cord 
compression, has been denied by certain , observers.® Hanes,® in 
1916, in his discussion of a case of spinal block with yellow fluid of 
high-protein content, pointed out that the benzidin reaction was 
imgative and that the veins below the block were greatly engorged. 
He suggested that such spinal fluid findings were due purely to 
venous stasis with transudation. Our results support this conclu- 
sion. \\e believe that the benzidin reaction offers a simple and 
positive means of differentiation between spinal block without in- 
flammation on the one hand, and hemorrhagic xanthochromia on 
the other. The use of the designation “ ery throchromia ” for tinge- 
ing of the fluid due to hemorrhage or inflammatory diapedesis, 
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and the restriction of the term xanthochromia to the yellow fluid, 
rich in protein, of the pure Nonne-Froin pressure syndrome, seems 
justifiable in the light of the experiments here reported. 

Summary. 1. The benzidin reaction is positive in cerebrospinal 
fluid containing a hemoglobin dilution of 1 to 50,000 (100 erythro- 
cytes per c.mm.), but not to a dilution of 1 in 100,000 (50 erythro- 
cytes per c.mm.). 

2. The benzidin reaction on the supernatant fluid after centri- 
fuging at high speed is of value in differentiating hemorrhage into 
the cerebrospinal fluid at the time of puncture from subarachnoid 
hemorrhage. 

3. An extramedullary tumor compressing the spinal cord in its 
growth has been reproduced experimentally in dogs with a resulting 
Nonne-Froin sjmdrome in the cerebrospinal fluid below the level 
of the compression. 

4. The yellow spinal fluid of cord compression gives a negative 
benzidin reaction. 
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EAELY PULMONARY TUBERCULOSIS AND ITS DIAGNOSIS. 

K. PI. Stieiim, M.D., 

ASSISTANT THTSICIAN, STUDENT HEAETH SBnVICE, MADISON, WIS. 

(From the Department of Student Health, University of Wisconsin.) 

77ic Problem. Though the importance of early diagnosis has 
been heralded for years, pulmonary tuberculosis is usually not dis- 
covered in its minimal stage. Upward of 80% of patients on admis- 
sion to sanatoria are either in a moderately or far advanced stage 
of the disease. Treatment then usually requires a long period of 
time, often presents many diflBculties, and the prognosis is only 
mildly encouraging, viewed after 5, 10 and 15 years. Whitney^ 
reports that of 37,665 cases of frank pulmonary tuberculosis reported 
by 274 institutions (U. S.) in 1931, 5939 (16%) were admitted in 
the minimal stage, 11,057 (30%) in the moderately advanced and 
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19,669 (54%) in the far advanced stage. Compared to the earlier 
figures (1926) of Drolet,^ the percentage admitted in the minimal 
stage, 16%, is the same, but in 1931 the percentage of far advanced 
is higher, being 54% as compared with 50% in 1926. 

Watts of England, successfully tracing 603 of 677 cases 5 years 
after their discharge in 1925 from the King George V Sanatorium, 
found that of 149 early cases, 21.5% were dead, 64.5% alive and 
fit for work, and 14 % alive but not fit for work. Of 385 moderately 
advanced cases, 63.5% were dead, 24.5% alive and fit for work, 
and 12% alive and not fit for work. Of 69 far advanced cases, 
91% were dead, 4.5% alive and fit for work, and 4.5% alive but 
not fit for work. Today with better methods of treatment the 
mortality rate would undoubtedly be less but still substantial. 
The figures of the early cases after 5 years offer a striking contrast 
to those of the moderately and far advanced cases. The report 
of the Trudeau Sanatorium^ also emphasizes the necessity of early 
diagnosis. After 15 years only 10% of the minimal are dead, com- 
pared to 27% of the moderately advanced and 72% of the far 
advanced cases. 


Table 1. —Condition of Dischabged Patients (Teodeau Sanatoeium) 5, 10 and 
15 Yeahs After Discharge. 



Dead of tbc. 
first 5 yrs. 

Dead of tbo. 
second 5 yrs. 

Dead of tbc. 
third 5 yrs. 

Classification on admission. 

No. 

%■ 

No. 

%. 

No. %. ■ 

Minimal, 627 (20%) .... 

21 

3.3 

24 

3.1 

17 3.6 

Total, 15 yrs., 
62 10.0 

Moderately advanced, 2033 (05%) 

242 

11.9 

262 

10.0 

131 5.5 

Total, 15 yrs., 
635 27.4 

Par advanced, 449 (14%) . . 

196 

43.6 

S3 

18.0 • 

104 10.6 

Total, IS yrs., 
383 72.2 


ABLE -.—Prognosis of 37,665 Cases of Pdlmonakt Tgbekcdlosis Admitted 
to 247 U. S. Institutions 1931, According to the 
Trudeau Sanatorium Experience. 


Classification on admission. 

Minimal, 5939 (16%) . 

ModDratoIy advanced, 11,057 (.30%) 1,.345 

Far advanced, 19,669 (54%) 


Dead of tbc. 

Dead of tbc. 

Dead of tbc. 

hrst 

o yre. 

second 5 yrs. 

third .5 yrs. 

' No. 

%." 

No. 

%. 

'No. %.' 

196 

3.3 

184 

3.1 

214 3.6 

Total, 15 yrs., 
594 ' 10.0 

.) 1,345 

II. 9 

1,130 10.0 

621 5.5 

Total, 15 yrs., 
3,096 27.4 

. 8,577 

43.6 

3,540 18.0 

2,084 10.6 
Total, 15 yrs., 


14,201 72.2 


'’Thence of patients in the minim.il, moderately advanced 
arf fe advanced gronps 5, 10 and 15 years after discharge from 
the Irndcan Sanatomnn is shown in Table 1. Table 2 reSsen?s 
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the prognosis of 37,665 cases admitted to 274 United States Sana- 
toria in 1931 based on the Trudeau experience. Why only 16% 
are admitted in the minimal and 54% in the far advanced stage 
with prognosis bad, requires an explanation. The explanation, 
as will be shown, lies in the fact that pulmonar3'^ tuberculosis in its 
minimal stage is without symptoms sufficient to bring the patient 
to the phj'^sician, and without phj-^sical signs in most instances bj'^ 
which a diagnosis could be made if the patient did present himself. 
The discovery of early tuberculosis is dependent on the roentgeno- 
gram and fluoroscopic examination of those infected as determined 
by the properlj' administered Mantoux tuberculin test. 

Gaspard-Laurent Bajde rightfullj’^ wrote over a century ago: 
“Many physicians seem to have confused phthisis with its charac- 
teristic signs, and as emaciation and the hectic fever are two of the 
ordinarj'' symptoms of phthisis, it seems absurd to them to consider 
an individual as suffering from phthisis, in whom no fever nor emaci- 
ation can be discovered. This manner of considering phthisis is 
just as ridiculous as that of the naturalist, who seeing a young oak 
tree, would refuse absolutelj' to give it this name because it did not 
yet show all its generic and specific characteristics. Moreover, the 
oak which has just grown out of the ground, although it is a verj'^ 
feeble plant, is none the less a tree whose trunk will aequire a great 
deal of strength. It is the same with phthisis : in the beginning it 
seems scarcelj’’ a slight indisposition: in its last stages it strikes 
down the strongest man, it devours, consumes and reduces to a 
skeleton those whose plumpness, freshness and health appeared 
unalterable. Nevertheless, it would be unreasonable to refuse to 
admit that it is alwaj'S the same disease, and to maintain this 
opinion and insist that in its earliest stages it did not show all the 
symptoms which characterise it toda}^ 

“. . . But toda^’' our knowledge is too advanced- to fail to diagnose 
phthisis in the first stages of this disease, although frequent^ there 
has been no perceptible loss of Aveight and not the slightest trace 
of pus in the expectoration. ... It would be hardly reasonable to 
wish to wait before diagnosing puhnonar.y phthisis until it had 
arrived at its last stage which is the time when its pathognomonic 
sA-mptoms are aa'cII marked. Is it not then undebatable that a 
phj'sician should seek to knoAv a disease from its beginning, through 
all the stages of its development, and in all its forms, just as the 
gardner distinguishes the plants Avhich he cultNates through all the 
stages of their groAATli, and as an entomologist recognizes an insect 
in all its metamorphoses?” 

Todaj' we are learning more of the disease in its earlj’^ stage, and 
haAm already found the important fact that many times it produces 
less than the slight indisposition spoken of bj'^ Ba.Ade— that in most 
instances it occurs Avithout producing sjonptoms or physical signs. 
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Fig. 1.— Geographical distribution of infection. 





Fig. 4. — ^Patient T. H., 6-1-.35. Spread of lesions ivithout symptoms or physical 
signs. Patient has gained 8 pounds in weight. Laboratory studies indicative of 
spread. 



Fig. 6. — Case 80551, 2-10-35. Small infiltration at extreme apices. 
Negative studies. 





Fig. 7. — Case 80551. Lesion 11 months later; discovered by fluoroscopic exam- 
ination. Weight gain, 11 pounds. Leucocytosis. No other positive studies. 



I'm. 9. Case 73344. Small infiltration discovered by fluoroscopic examination. 
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Tlw Proqram. A case-finding study was instituted in the fall of 
1933 on all the newly enrolled students. With the routine physical 
examination, all students are given the Mantora test. At the first 
test either 0.1 mg. of the Saranac Laborato^ old tuberculin i .) 
or 0.00002 mg. of the Purified Protein Derivative (P.P.D.) of 
Seibert and Long is given. The site of the injection is observed 
at the end of 48 hours and if no reaction has occurred, the procedure 
is repeated, using 1 mg. O.T. or 0.005 mg. P.P.D. Those show- 
ing positive reactions are further studied by means of the roentgeno- 
gram. Infiltrations are thus discovered that require further imme- 
diate study which is done, in the Student Infirmary. _ The status 
of the lesion having been determined, the patient is either advised 
to withdraw from school for treatment or given instructions to 
report for examination at regular intervals. Those having suspicious 
shadows are examined by means of the fluoroscope and Roentgen 
ray films at intervals of from 4 to 12 weeks, dependmg upon the 
degree of suspicion attached to the lesion. Regardless of the fact 
that the first film may be negative, the tuberculin-positive student 
receives a fluoroscopic examination every 6 to 12 months while he 
is attending school. Should the fluoroscopic examination reveal 
any suspicion of trouble, another roentgenogram is requested. In 
an individual of heavy proportions, the fluoroscope has its limita- 
tions, and is not relied upon to exclude an early infiltration. In 
those, however, of moderate or light build it makes possible, in our 
opinion, the discovery of all significant infiltrations to a degree which 
closely approximates the roentgenogram. 

Tiiherculin Tests. Of a total of 5316 individuals tested with a 
dose of at least 1 mg. O.T. or 0.005 mg. P.P.D., 1490 (28%) have 
shown positive reactions. 

The distribution of infection among students from different 
sections of the country is shown in Figure 1. 

To determine the rate of increase of infection, a group of students 
entering the University in the fall of 1933 and having negative 
reactions at that time was again tested 18 months later. Of the 
485 originally negative students tested, 45 (9.3%) had become in- 
fected. 

The opportunity was also presented to test a group of 15 
sorority girls who had unfortunately lived for 3 months with a 
senior girl who had entered the university prior to the institution 
ot the program and who subsequently was found to have far ad- 
vanced tuberculosis. Examination of her sputum showed many 
tubercle bacilli Of the 15 tuberculin tested, 11 had formerly been 

t^efall of 1933 and 2 in the fall 
ot 1934. One received a test in high school in 1932 which wms re- 

known to have been negative, all 
(100 /o) showed a positive reaction in March, 1935. Of the 4 havine 
no iirevious test, 3 (75%) were positive. The one individual show- 

^o^.. igi, xo. 4, — Arnii,, 1036 19 
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ing a negative test stated that she had lived in the house for only 
2 weeks, and this short contact probablj' explains her escape from 
infection. Of the 15 tested, 14 (93.3%) showed a positive reaction. 
Of the 11 known to have been infected, one lias developed a pro- 
gressive lesion (November, 1935) in tlie left siibcla\’'icular region. 

Cascs^ Wiihmd Symidnma or Flnisical Sif/ns. Stud^- of the early 
cases discoi'ered, a few of which are presented, indicates that the 
progressive pathologic process occurs without the production of 
s.ymptoms or physical signs. Dci'elopmcnt of symptom and 
physical signs indicates in mo,st instances that the disease is no 
longer in the minimal stage. One individual developed, from a small 
rather liard appearing right subclavicnlar infiltration whicli had 
shown no change during 11 months observation, a 2.5 cm. by 1.5 cm. 
cavity between Januaiy 22, 19.35, and March 4. 1935. a period of 
40 days. His only symptom was slight fatigue, and he was already 


Fig. 2. — Case No. 79-lSO, T.H. Octoheii. 19SS. 


History: Home, city. Scarlet fever, age 10. 
Always healthy. Father died of appendicitis; 
mother Imng and well; brothers, 1 living and 
well; sisters, 0. Mantoux, ++. 

Symptoms: None. 

Physical Examination: Well-developed and 
nourished, healthy appearing boy, aged 20. 
Chest e.vamination: essontiallj'' negati\'e in 
October, 193.1, January, 1934 and June, 1934. 
Bl, pr., 114/74, ht,, 5'S", wt., 120, September, 
1933. Wt., 1.30, January, 19.34. Wt., 13S, 
June, 1934. 

Temperature: 


Pcb.l2 13 14 IS 16 17 18 



Normal on occasion of three office calls in 
June. Family physician on a 4-hr. check has 
never observed a fever, June-July, 1934. 

Laboratory: Blood sedimentation index : 3 mm. 
on January 9, 1934 ; 4 mm. on March 10, 1934; 
12.5 mm. on June 1, 1934. Blood count: 
leuk., 13,450; polys., 74%; Ijunph., 20%. No 
sputum ex.amination. No examination of 
gastric content. 


Hoentyenoorams: 




Treatment: Sanatorium care ad\dsed. 

Subsequent course: Resting at home. Family 
physician st.atcs, January, 1935, that patierit has 
on no occasion had a fer'er. No Roentgen ray 
has been taken to show progress. 

April 20, 1935; Roentgenologist reports cle.aring of 
infiltrations. Patient continues to bo free of 
symptoms. 


in the moderately advanced stage of the disease. Examination of 
the morning gastric contents of his stomach showed the presence 
of tubercle bacilli. As concerns symptoms with progressive minimal 
infiltrations, the individual will occasionally admit sliglit fatigue. 
The earliest and most suggestive physical finding, if one be present, 
is decreased excursion, usuallj’^ in the subclavicnlar region, on the 
affected side. 

Case 79480 represents a progressive lesion without the production 
of symptoms or physical signs. Note the gain in weight of 18 
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pounds. The blood sedimentation index done on the date of the 
latest Roentgen ray heralded the spread of the lesion. A more 
recent report (April, 1935) indicates that the infiltration has shown 
marked clearing on a regimen of rest at home. On no occasion 
during his treatment has a fever been found to be present. 


Eig. 5.— Case No. 80551. J. E- Eebruary, 1934. 


History: Home, city. Always well. No child- 
hood or other diseases. Mother dead, rheu- 
matic fever; father living and well; brothers, 
2 living and well; sisters, 1 living and well. 
Mantoux, -p, September, 1933. 

Symptoms: None. 

Physical examination: Nothing pertinent. 
Chest examination; Negative, September, 
1933, February, 19.34, February, 1935. Ht., 
70"; wt., 125, September, 1933; wt., 138, 
February, 1935. 

Temperature: Week of February 27, 1934, nor- 
mal. Week of Februarj' 2, 1935, normal. 

Laboratory: Blood sedimentation: 3 mm., 
February, 19.34,. and 3 mm., February, 19.35. 
Leukocyte count, 12,700 ; polys., 73% ; lymph., 
25%; L.L., 2%. No sputum available for 
examination. Gastric aspiration not done. 


Fluoroscopic examination: January 14, 1935; Feels 
well; no symptoms referable to chest; half-dollar- 
sized infiltration in right subclavicular region; 
stereo of chest requested. 

Roentgenograms: 




Treatment: Entered sanatorium in February, 1935. 
Subsequent course: 


. Fig. 8.— Case No. 79831. A. S. December, 1933. 

History: Measles, mumps and chickenpox in childhood. Always well. No known tuberculosis 
contacts. Father living, not well, arthritis; mother living and well; brothers, 0; sisters, 1 living 
and well. Mantoux, -1- -f; 0.1 mg., September, 1933. 

Symptoms: Well, until sudden onset of cough, backache, chest pain and temperature 103° F. Pleurisy 
with effusion developed for which patient was confined to University infirmary for 6 weeks. 
Returned home in January, 1934. Continued improvement and patient returned to school in 
September, 1934. 

Physical Examination: October, 1934; Well-developed and nourished girl, aged 19. Chest: left 
clawclc prominent. Decreased excursion both anteriorly and posteriorly. Impaired resonance 
left base. No rales. 

Temperature: Normal, week of December 22, 1934, and week of January 24, 1935. 

Laboratory: Blood sedimentation index; 12 mm., October 13, 1934; 7 mm., December 21, 1934; 
25 ram., .Tanuarj' 3, 1935; 21 mm., January 11, 1935. Blood count: average count during hospital- 

^900 W.B.C., with 70% polys., 25% lymphocytes, 1 to 4% monocytes, 
ino," 'effusion: 200 cells i)cr c.mm., 97% lymph, and 3% polys. Octobers, 

Hgb., 5,410,000 R.B.C., 8250 W.B.C., 67% polys., 30% lymph. January 13, 1935: 
lo/c PKb-, 4, / 00,000 R.B.C,, 7400 W.B.C., 75% polys., 24% lymph. Sputum examination: no 
expectoration. Gastric aspiration not done; Urinalysis negative. Pleural effusion stains. Tuber- 
culosis negative. 

/furn^yomgrnms.^^^pecember 1, 1933: guinea-pig inoculation ; pig died, December 22, 1933; no evidence 



Fobniars', 1935. Was unhappy. Returned homo. 

'S msTruiome.'''''''" show marked clearing of infiltrations with 
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Case S0551 shows an entirely negative study, and a weight gain 
of 13 pounds, with a progressive infiltration discovered by fluoro- 
scopic examination. 

Case 79831 shows a progressive lesion following pleurisy with 
effusion. At no time after the original episode of pleurisy with 
effusion were clinical symptoms present. 

Fl'uoroscopic Examinatiom. Examination of the lungs by the 
fluoroseope is economically more practical than the roentgenograin. 
Where an infiltration or a suspicion of an infiltration is found on the 
fluoroscopic examination, a film is requested. In individuals of 
moderate build there is little difficulty in visualizing lesions. Cases 
73344 and 69634 show two small infiltrations discovered by this 
method. Fluoroscopic examination of individuals of moderate 
or light build has certain advantages over the film. A small lesion 
on the film is occasionally obscured b5'^ the clavicle, which on fluoro- 
scopic examination, because the individuaFs position is frequently 
changed, is easily brought into view. The infiltration of Case 
69634 was found by fluoroscopic examination, and was thus more 
easily discerned than on the first roentgenogram taken. The 
second film was taken during ex-piration to lower the claAocle and 
bring the lesion into better view. Study of the excursion of the 
ribs and diaphragm is not possible with the film. Routine study 
of the mediastinum in the transverse and oblique views is not 
economically justified with films. Differentiation between calcified 
deposits and blood vessels is readily possible on fluoroscopic exam- 
ination by changing the patient’s position. 

This work is being done with the regular vertical fluoroseope 
equipped with the latest type fluoroscopic screen and an excep- 
tionally fine-focus Coolidge tube to give the contrast and detail 
necessary. The new type “B” Patterson fluoroscopic screen and 
the XP-3 water-cooled Coolidge tube are used. Five milliamperes 
ax’e usually required with a kilivoltage ranging from 76 to 85 Iv.V.P., 
depending on the size of the patient and the pathologic process 
present. 


Table 3. — Roentgenologic Examinations. Classes of 1937 and 1938. 


Total number positive Mantoux tests using old 
tuberculin and purified protein derivative, 
1440 

Number given roentgenologic examination, 1335. 
Percentage of positive reactors receiving roent- 
genograms, 92.7% 

Number with no evidence of pulmonary tuber- 

- 

Percentage of 
those receiving 
roentgenograms. 

Percentage of the 
5123* students 
who received the 
tuberculin test. 

culosis 

926 

69.4 

90.0 (4609) t 

Number vdth. first infection type of tuberculosis 
Number with reinfection or adult t^^pe of tuber- 

333 

25.0 

6.5 

culosis 

Number of positives not rccei\'ing roentgeno- 

76 

5.6 

1.5 

gram, 105 

Number with lesions advised to withdra'U'n from 

1,335 

100.0 

2.0 

100.0 

school 

21 

1.6 

0.4 


* These figures are arrived at by aBSUming that all negative reactors would show no tuberculous 
lesion on Roentgen ray. 

t This figure is arrived at by subtracting total number of ^positives from total tested and 
adding the number v.*ith no Roentgen ray evidence of tuberculosis. 
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Incidence of Tvbemdosis Among Stndents. Table 3 gives the 
roentgenogram interpretation of those 

positive hlantoux test. Comparing the interpretation of 529 films 
in September of 1933 with 724 films taken m September of 1934, 
it is interesting to note the consistency of negative films and the 
type of lesions found. 


IMS. 


No evidence of pulmonary tuberculosis 

Eirst infection tuberculosis 

Adult tuberculosis 


70.7 69.2 
24.2 24.9 
4.9 5.9 


Of the 21 withdrawing from school, 15 were advised to leave soon 
after admission following a short period of observation at the Stu-- 
dent Infirmary. Six withdrew the following year because of devel- 
opment or progression of small lesions. 

Summary, 1. Pulmonary tuberculosis is seldom discovered in 
its minimal stage. 

2. The pathologic process of minimal pulmonary tuberculpsis 
seldom causes symptoms or physical signs. 

3. The diagnosis of minimal tuberculosis is dependent upon 
periodic Roentgen ray or fluoroscopic examination of the infected 
as indicated by the Mantoux test. 

4. Fluoroscopic examination of the lungs makes possible at a 
low cost the discovery of significant minimal infiltrations. 

5. The methods employed have been efficient in finding pulmo- 
nary tuberculosis in its early stages. In no instance of over 4000 
individuals being periodically examined has one presented himself 
because of symptoms of tuberculosis, yet in this group asymptomatic 
pathologically progressive cases of tuberculosis were discovered. 

Conclusions. 1. The eventual institution throughout the country 
of a program of periodic Roentgen ray or fluoroscopic examina- 
tions of all the infected is logical. Consideration of the cost of 
treatment of tuberculosis, makes a program for early discovery 
economically justifiable. 

2. Would it not appear even more logical to advocate and apply 
such a case finding program as a public health measure for the general 
population, rather than limiting it to small groups, and in the end 
pay the penalty of high morbidity and mortality of late diagnoses? 
Costs count, and money could more profitably be spent in preven- 
tion of symptomatic tuberculosis with its hardships and suffering, 
than m waiting for patients wffio are the end-products of the disease 
and attempting to reclaim them. 
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The Autonomic Xehvous System. Anatomy, P)i 5 '.siology, and Surgical 
Treatment. By James C. White, M.D., Assistant Professor and Tutor 
in Surgerj’’, Harvard Medical School; Assistant Visiting Surgeon, Massa- 
chusetts General Hospital. Pp. 3SG; 96 illustrations. NeM'York: The 
IMacmillan Companj^ 1935. Price, 87.00. 

In the past decade surgerj'- of the autonomic nervous sj'stera has found 
increasing!}’- fruitful application. This monograph is an cx’ccllent .summarj’- 
of its results in various diseases, based on Dr. White's personal experience 
and on a critical evaluation of the work of others. In a field so rapidlj' 
growing it becomes necessary to point out not onlj' “ those conditions -ivhich 
are suitable for sj’Tnpathectomy but equally those which are not.” This 
Dr. White does with admirable candor. 

In general the objective of sjunpathetic surgery has been the interrup- 
tion of either the motor supplj' of a -^dscus or the afferent fibers which course 
in tJie peripheral sjunpathetic nerves. An example of tlie first approach is 
sjunpathectomy for spastic peripheral vascular disease, of the second, 
section of the cardiac sensorj’- pathwaj's in angina ])ectoris. The utility of 
preliminary novocaine block as a test of results obtainable by permanent 
nerve section is stressed. 

In addition to practical therapeutic results obtainable, kno-v’lcdge of 
underlj’ing pathologic physiology of various diseases M’hich .sjunpathetic 
surgerj' has revealed should be of the -vHdest medical interest. 

The book is divided into sections on anatomj', physiology and experi- 
mental technique, clinical results and surgical technique. Tliere is an ade- 
quate bibliography and a good index. G. G. 


R-adiuji Treatment of Skin Diseases, Nem' Grom'ths, Diseases of the 
Eyes and Tonsils. By Francis H. Williams, M.D. (Harv.), S. B., 
Massachusetts Institute of Technology; Senior Physician, Boston City 
Hospital; Felloiv American Academj' of Arts and Sciences, etc. Pp. US; 
12 illustrations. Boston; The Stratford Company, 1935. Price, 82.00. 
This small volume on radium therapy is -\iTitten bj' one of the pioneers 
in Roentgenologj' and Radium Therapy in this countrj' and represents the 
result of 30 j'ears’ experience in the use of radium. It is divided into four 
parts: Part I deals v'ith the nature and properties of radium, methods 
of measurement and methods of administration, together witli a short 
account of its use in di.seases of the skin and superficial neiv gro-iUhs. Part 
II deals with its use in diseases of the ej'es and ej'elids and Part III with 
its use in diseases of the tonsils and other lymphoid tissues in the throat. 

Dr. Williams states in his preface that his method is ba.sed upon the 
measurements of the absorption of radiation bj' different substances used 
as filters, and bj' different thicknesses of water used as a standard for the 
absorption by the soft tissues of the body, thus making possible the selection 
of the amount and quality of the radiations best suited to a given condition. 
He describes his earlj' experiments -with beta and gamma raj's, ivith tests 
of their therapeutic value. In the section dealing with the diseases of the 
ej'es and ej'elids and the tonsils he describes the instruments used and his 
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and araphs of curves showing absorption of the electrons, etc_. Such 
concS summary, coming from the pen of a pioneer 

the use of radium and who has had ample opportunity to study Ins resu . , 
should be of invaluable aid to every radiologist, h. a. • 


The Parathyroids in Health and in Disease. By David H. Shelling, 

B Sc. M.D., The Johns Hopkins University and Hospital, Baltimore. 

Pp. 335; 26 illustrations. St. Louis: The C. V. Mosby Company, 1935. 

Price, S5.00. 

This is an unusually good treatise on the parathyroids, dealing in a 
thoroughly scientific, critical manner with all phases of the parathyroids, 
anatomical, physiological, chemical, pathological and clinical. The illus- 
trations are effective, the liibliography satisfactory, and the ^manner of 
presentation i^erj’' pleasiflg. At a time when so many recent writings on the 
endocriiies are appalingly unsound, it is a great pleasure to find a book such 
as tin’s that can be whole-heartedty recommended. Particularly practical 
in his discussion of the differentiation between primary and secondary para- 
thyroid hj^perplasia with hyperfunction, which should be very useful to 
internists and to surgeons in determining rational treatment. 


The Carotid Sinus and the Cerebral Circulation. An Anatomical, 
Experimental, and Clinical Investigation. By Erik Lund Ask-Upmark, 
Sweden. From the Departments of Neuropathology, Neurosurgery 
and Anatomy, Harvard IMedical School, Boston. Acta Psycliiatrica et 
Neurologica. Supp.VI. Pp. 374; 74 illustrations and 22 tables. Copen- 
hagen; Le^^n & Munksgaard, 1935. (Price not given). 

_ One section' of this monograph (pp. 46-181 contains a detailed descrip- 
tion of the author’s studies of the anatomy of the cerebral circulation and 
carotijl sinus in 61 animals, representing 27 species of mammals, birds, 
aniphibia, and reptiles; it is illustrated with drauung and includes a con- 
«deration of communications between external and internal carotid systems. 
This careful morphologic study furnishes the basis for selecting the animal 
or ammals suitable for certain experiments and discloses fallacies inherent 
m many experiments tliat have been made in the past. The remainder of 
the book comprises a lengtlij"^ presentation of some inconclusive experiments 
dealing with the influence of carotid sinus reflexes upon cerebral blood- 
vessels; of case records of patients with brain injuries, tumors, or cranial 
neuralgias; and of some of the voluminous literature dealmg with the 
.anatomy and physiology of the cerebral circulation and the carotid sinus, 
he mode of regulation of the actiidty of vegetative centers, and the physio- 
ogic uisturbances associated witli lesions invohdng various parts of the 
central nervous system and various cranial nerves. These are some of the 
problems in physiologj' and neurosurgerj’-; a monograph on 
ain of them would be most welcome if written by a person of mature ex- 
penence and judginent, but a monograpli dealing vath all of them, witten 
by a young clinician as a result of 2 years’ incumbency of a Rockefeller 

? "r"" “fi’ ^ Kewewer to be a monument to the Industrie of the 

author rather than a contribution to scientific literature. 0 g 
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New Pathways for Children with Cerebral Palsy, By Gladys 
Gage Rogers, Director of Robin Hood’s Barn, A Camp School for 
Children -nith Cerebral Palsy, and Leah C. Thomas, Director of Thera- 
peutics at Robin Hood’s Barn. With photographs by Newell Green. 
Pp. 167 ; 12 illustrations. New York; The Slacmillan Company, 1935. 
Price, S2.50. 

Based upon 17 years experience in working with cerebral pals}’’ cases, in 
the home, hospital and school, the authors of this useful little volume have 
evolved a hopeful system of treatment in a group of mentally normal but 
physically crippled children, a group that in point of numbers is second 
onl}’’ to that of infantile paralysis. Throughout the book emphasis is 
placed upon instilling into these children self confidence in order to banish 
muscular tension. ’The parent of a spastic child will gain from this book 
a clearer insight into the child’s emotional life, the physical therapist and 
the teacher wiU obtain manj" valuable leads in regard to methods of treat- 
ment and educational materials available and the physician vill learn the 
many minute details ordinarily passed over as triwal. In the story so 
imaginatively unfolded all will observe the happy rewards of infinite 
patience. As Dr. Roliert B. 0.sgood, in his introduction, so aptly says: 
“ The book is packed ndth practicality. Tlirough jts pages flows an optim- 
ism justified by accomplishment.” ~ S. R. 


Cold Spring Harbor Sy'jiposia on Qu.vntitative Biology, Volume III. 
Pp. 359; illustrated. Cold Spring Harbor, L. I., N. Y.: Long Island 
Biological Association as a part of the work of The Biological Laboratoiy, 
1935, Price, 83.75. 

This third volume of The Cold Spring Harbor Symposia is concerned 
with “the interaction of ourselves and things around us with light,” It 
will be recalled that the two previous sjmposia dealt largely with surface 
phenomena and some aspects of growth (see Reviews in this journal, 187, 
851, 1934 and 189, 577, 1935). 'The 36 communications deal mth photo- 
chemistrj’’, chlorophyll, photosjmtheses, photosyntropism, bioluminescence, 
radiation, %dsion, photosensitization and so on in a higlily technical and 
quantitative manner that would make an adequate re’view difficult even 
for the superscientist who possessed adequate knowledge. As a storehouse 
of the most recent information and a statement of modern theory by com- 
petent authorities the book is valuable and has its interest for many. 

E. K. 


A Textbook of Bacteriology. By Thurman B. Rice, A.M., M.D., 
Professor of Bacteriology and Pubhc Health at the Indiana University 
School of Medicine. Pp. 551; 121 illustrations. Philadelphia: W. B. 
Saunders Company, 1935. Price, .85.00. 

Designed both for the practising physician and the medical student, 
this te.xt contains excellent and ingenious ad-^dce concerning many teclmical 
procedures adapted to limited time, material, and equipment. A shortened 
textbook, emphasizing the salient points of diagnosis, prognosis, etiology, 
specimen collection, interpretation of laboratory findings, specific therapy 
proph3daxis, etc., this simplified account serves only as a bare introduction 
to the science of bacteriology. Certain biochemical and physical phenomena 
are explained too diagrammatically. The importance of the changing equil- 
iiirium between host and parasite is not stressed. There are no specific 
references to the source material. A compact table presents the choice of 
culture media for simple diagnostic bacteriologic work for eleven classes of 
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i^atbosienic organisms (including fungi). There is also a compendium of 
the various routes of inoculation and the customary uses of each. Five 
aweSs to the value of the book. One deal ivith specia 

bacteriology Tvhich includes the urine, the gross appearance of infected 
wounds deLbitus ulcers, chronic focal infections and pyogenic substances 
in distilled water. Common errors in the technique of 
are pointed to, as the author describes exactly what should be done m each 
case. There are sections on federal and postal regulations for the sale and 
transportation of viruses, serums, toxins, etc., and on the techmque ot 
practical disinfection. • it. . 


Body W.vteb.. The Exchange of Fluids in Man. By John P. Peters, 
M.D., Professor of Internal Medicine, Yale University Scliool of Medi- 
cine. Pp. 405; 5 illustrations and 15 tables. Springfield, 111.; Charles 
C Thomas, 1935. Price, 84.00. 

This scholarly book discusses a subject of great importance to an under- 
standing of many physiological and pathological processes. Water is the 
most abundant constituent of living things; it has unique and remarkable 
properties of wliich not the least is its capacity to dissolve so many different 
chemicals. Life depends upon constant interchange between the cells of 
the body and its fluids, the blood, lymph and interstitial fluid. It is this 
exchange as it occurs particularly in man with which the book deals. There 
are chapters on the chemical forces that control the exchange of water and 
of solutes; on the nature and movements of mterstitial fluid and of lymph; 
on the exchanges between blood and interstitial fluid, and between various 
cells and fluids; on transudates; on the water produced through the 
oxidation of foodstuffs; on the losses of water through the skin and the 
respiratory passages; and on the exchanges in the alimentary tract. 

These chapters constitute a background for the discussion of the functional 
pathology of renal disease to which is devoted over one-third of the mono- 
graph. _ In the chapter on the general nature of renal activity the author 
emphasizes a role of the kidney not always properly appreciated in clinical 
medicine; namely that the kidneys serve not only as excretory organs but 
that they also conserve selectively, for the further use of the organism, a 
considerable variety of substances, of which glucose is probably the most 
familiar example. In states of renal insufficiency the disturbances are due 
not solely to retention of substances that are normally eliminated, but also 
to elimination of substances that are normally conserved. In further 
chapters' is discussed the excretion of water, of salts, and of other solutes; 
and the nervmus and hormone control of urine excretion. 

_ For tile reader who would pursue in more detail any of the topics there 
IS appended a bibliography of nearly 900 titles. B. L. 


Diseases OF Women. By Harry Sturgeon Crossen, M.D., F.A.C.S., 
Cimccologist to the Barnes Hospital, St. Louis Maternity Hospital, and 
• Hospital, etc., and Robert James Crqssen, M.D., Instructor 

Obstetrics, Washington School of Medicine, 
etc. ip. jjjj lOoS illustrations including one color plate. Eighth Edi- 

St. Louis: The C.V.Mosby Company, 

“ a new and attractive style of paging and binding, 
thorough evaluation of the contributions to gjmecolonc 
literature of recent, years Mth the inclusion of much new material The 
.econd chapter, which discusses gjmecologic pathologj^, is developed to an 
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Ainusual clegi’ee. A verj'^ logical arrangement of the sul)ject matter brings 
out in an orderly sequence all morbid conditions of the pelvic structures. 
Meyer’s \uews on the etiology of certain ovarian tumors are freely quoted. 
This section is profusely illustrated with photomicrographs of unusual 
merit. The present edition should sustain the popularity of this standard 
work. P. W. 


The Tre.\tment of Acute Poisoning. By H. L. Mauriott, M.D., 
M.R.C.P. (London), Resident Medical Officer, The Middle.se.x Hospital, 
London; Assistant Physician, The Miller General Hos]htal, Greenwich. 
Pp. 45; 15 illustrations. London: John Murray, for the Middlesex 
Hospital Press, 1935. Price 5s. 

In a brief and easily readable monograph, the author discusses the treat- 
ment of acute poisoning and the tlierapeutic measures which he lias found 
most satisfactory. He believes that in emergency cases, much valualile 
time is lost in attempting to recall and administer a specific antidote. It 
is pointed out that this is seldom necessary since the treatment of all types 
of poisoning is fundamentally similar and consists of (1) removal or neutral- 
ization of the poison and (2) counteraction of its effects. This idea of sim- 
plicity is one to be highly recommended, although the liook contains little 
else which is not already familiar to the average phj'sician. L. B. 


Der Geburtstod (Mutter und Kind). By Dr. Sigismund Peeler, 
Pp. 110; 5G tables. Wien: Franz Deuticke, 1936. Price, M. 5. 

The various factors causing Infant and IMaternal klortality are here 
ably discussed. Not only has the subject been handled by analysis of 
published statistics but a review of the causes of death is presented from 
the standpoint of preventive medicine in its Ijroadest sense. Peller feels 
that the problem of natal mortality is primarily one of phj'siology and social 
hygiene, and regards the possibilitj^ of reducing the natal mortality of 
infants to 1% and first week mortalitj’’ to 0.5% as an attainable end. 

Regarding maternal mortalit 3 ^ he feels that the specific and non-specific 
causes of death have not been sufficiently differentiated in various countries 
to make comparisons equable. The abortion problem, as he points out, 
further clouds the true picture of obstetrical death rates. Abortion as a 
single cause of maternal death holds the center of the stage in the world 
over. P. W. 


Autobiography, Sigmund Freud. Translated hy James Strachey. 

Pp. 153; 1 illustration. New York: W. W. Norton & Co., Inc., 1935. 

Price, S2.00. 

This monograph is an enlarged and revised edition of the essaj-^ published 
in 1925 in Die Medizin der Gegenwart in Selbatdarstellungen. It is not so 
much an autobiography as an account of the historical development of 
Freud’s ideas, all of which are presented very sketchily because of lack of 
space. To those who will be led to read this book in order to obtain a true 
autobiographj' of Freud, the work will be a real disappointment. There is 
no attempt at self-analj’^sis, and no real autobiographical material, except 
insofar as it affects the development of the theorj’^ of psi^choanalj^sis. 

One feature of the book is extremely interesting, viz.; Freud’s early 
interest in organic neurology. He was well-trained in physiology, wrote 
an excellent monograph on cerebral diplegia, one of the first to advocate the 
use of cocaine as a local anesthetic, and made on of the first diagnoses of 
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acute Dolvneuritis. Organic neurologists Avill probably point to tliese facts 
to prove that organic neurology is the backbone of all neuropsychiatry, 
whLi in truth it only demonstrates that Freud s was a very keen and alert 
mind which was capable of superior work m whatever field it was interested. 

The account of the birth of analysis, its development ^orn hypnosis, 
and the schism between Breuer and Freud is told fr^kly- Freud does not 
hesitate to discuss freely his quarrels nutli his other dissenting disciples 
such as Jung and Adler, but none of his accounts become polemic, borne 
account is given of the struggle for recognition of psychoanalysis, but none 

of it bitter. , , , ,, , 

The book is very readable. The translator lias^ done such an excellent 
30b that one is rarely aware of reading a translation. ^ The book may be 
recommended for a sketchy account of Freud^s theories, and for a 
fragments of Freud's intimate life. B. - A. 


NEW BOOKS. 

The Microscopic Anatomy of Vertebrates. By George G. Scott, Ph.D., 
Professor of Biologj^ in the City College, New York City, and James I. 
Kendali/, Ph.D., Instructor in Biology in the City College, New York 
City. Pp. 30G; 167 illustrations. Philadelpliia: Lea & Febiger, 1935. 
Price, S3.75. 

Medical Mycology. Fungous Diseases of Men and Other Mammals. By 
Carroll William Dodge, Ph.D., Mycologist, Missouri Botanical 
Garden; Professor, Henrj’- Shaw School of Botany, Washington Univer- 
sity, St. Louis. Pp. 900; 142 illustrations. St. Louis: The C. V. 
Mosby Company, 1935. Price, $10.00. 

Clinical Miscellany, Volume 11, 1985. The Mary Imogene Bassett Hospital, 
Cooperstown, N. Y. By Nine Contributors. Pp. 218; illustrated. 
Springfield, 111.; Charles C Thomas, 1935. Price, $3.00. 

Bibliography on Blood Transfusion, Vol. I. (International Bibliography 
on the Problems of Blood Transfusion and the Theory of Blood Groups, 
1900-1933.) By Dr. E. Koenig. Pp. 226. Leningrad; Professor E. 
Hesse, 1935. Price, 12 p., 50 k. 

Fo8:-Iotc from Adams County, Illinois. By Harry Middleton Hyatt, 
D.D., Director of the Alma Egan Hyatt Foundation; 
Olhcier d Academie Franfaise; Officier de I'Ordre d'e la Couronne, Royale 
1937 ’^23. New York: Alma Egan Hjmtt Foundation, 

Seine Komplikationen und Deren Behandhmg. 
By Dr. Kasper Blond and Dr. Herbert Hoff. Pp. 121; 50 illustra- 
tions, niany in colors. Wien: Franz Deuticke, 1936. Price, Paper, 
i\l. 12; Bound, M. 14.40. 

DiffercnliabUagmnc in der Itmeren Medizin, Part I. By Professor Dr. 
7nrL.’i, Medizinischen LTniversitatsklinik, 

Tlncmc,1936. fece!S.60.^^^ 

of Diseases of the Peripheral Arteries. By 

?J ‘'''Clinic tor Penphjr,! ^terial 


7 •JJ. II 

1 ro.tis, 1936. Price, $3..50. 
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Lobar Pneumonia and Seram Therapy. With Special Refereuce to the 
Massachusetts Pneumonia Study, Fkeoerick T. Lord, M.D., 
Clinical Professor of Medicine, Emeritus, Harvard jMcdical School, etc., 
and Roderick Hbffron, M.D., Field Director, Pneumonia Study and 
Service, Massachusetts Department of Public Health. Pp. 91 ; 10 figures, 
1 plate. New York; The Commonwealth Fund, 193G. Price, Sl.OO. 

You Must Eat Meat. Fancies, Foibles and Facts about Meat. B 3 " Max 
Ernest Jutte, M.D., Formerly Lecturer on Stomach and Intestinal 
Diseases, New York Polyclinic Medical School, etc, Pp. 164; illustrated. 
New York; G. P. Putnam’s Sons, 1936. Price, §2.00. 

he Sang des Hypeiiendus. By Georges Carriere, Professor de Clinique 
M^dicale, and Claude Huriez, Chef de Clinique Mddicale, a la Faculty 
de M 6 decin 6 de rUniversit 6 de Lille. Pp. 386; many tables. Paris; 
G. Doin et Cie, 1936. (No price given.) 

Glandular Physiology and Therapy. A Symposium Prepared Under the 
Auspices of the Council on Pharmacy and Chemistry of the American 
Medical Association. Pp. 528; illustrated. Chicago; American Medi- 
cal Association, 1935. Price, S2.50. 

Amencan Chamber of Horrors. The Truth about Food and Drugs. Bj' 
Ruth de Forest Lasid. Pp. 418; illustrated. New York: Farrar & 
Rinehart, 1936. Price, §2.50. 

A' History of Science, Technology, and Philosophy in the 16th and 17th Cen- 
turies. By A. Wolf, Professor and Senator, University of London; 
Head of the Department of History and klethods of Science, etc. With 
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DISORDERS OF MENSTRUATION. 

Before discussing a few of the deviations frona normal in the process 
of menstruation it might be pertinent .to state that in spite of the 
tremendous advances which have been made in the study of this phe- 
nomenon, the actual mechanism has not been definitely determined in 
all its details. After discussing the various theories of menstruation 
that have been elaborated during the past century, Fluhmann^ presents 
what he believes is the accepted theory at the present time. The sex 
hormone (prolan) of the anterior hypophysis stimulates the development 
of an ovarian follicle. As this matures it produces estrin which in 
turn causes the endometrium to grow. After full development of the 
Graafian follicle, OAUilation takes place and a corpus luteum is formed 
in the remains of the follicle. The corpus luteum produces a secretion 
called “progestin” which controls the development of the characteristic 
premenstrual changes in the endometrium, and in addition estrin' is 
formed in greater amounts than before. This estrin production causes 
a progressive inhibition of the anterior lobe of the pituitary gland so 
that the amount of prolan available gradually diminishes. Finally 
estrin reaches its peak and correspondingly the amoimt of prolan has 
diminished to the point that it is insufiicient to maintain the corpus 
lutemn. This structure undergoes degeneration which results in the 
cessation of estrin production and thus a breakdomi of the endometrium 
occurs which is knowm as menstruation. The absence of estrin now 
releases the inhibition of the anterior lobe of the pituitary which again 
secretes its sex hormone to stimulate the development of a follicle in 
the ovary for the next menstrual cycle. 

Shaw- has studied the material removed at operation in 36 cases in 
which the cycbcal changes in the ovaries could be examined and in 
70 cases in which the cyclical changes in the endometrium could be 
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observed in order to determine the relation between- ovulation and 
menstruation in women who menstruate I'cjRilai'ly with a normal 
rhythm. He had previouslj’- .shown that irregular l)leeding is charac- 
terized by departures from the normal relationship of these two proc- 
esses. In the present study tlie time relations of ovulation and 
menstruation have been investigated with the use of the method of 
identifying recently ruptured follicles in the ovaries in women who 
give reliable histories. It has been shown that ovulation is restricted 
to about the 14th day of the cycle. There is some variation in the time 
of ovulation but the variation is probably not more- than 2 days. A 
study of the condition of the corpora lutea at other stages of the cycle 
confirms this view. Indirect proof as to the time of ovulation can 
also be obtained b3^ e.\aminations of specimens of the endometrium. 
It has been shovm that the secretorj' phase of the endometrium develops 
after the 14th day of the c^'cle. The specific features of the secretorj'^ 
phase are never seen before this time. 

For many years, particular! j' before the present theories of menstru- 
ation wei’e offered, it was thought by many g 3 mecoIogists that fre- 
quentl 3 '' irregular and profuse menstruation was due to some pathologic 
change in the muscular wall of the uterus, hence the terms “chronic 
metritis,” “myopathic bleeding” and “fibrosis uteri” were convenient 
labels for a condition which was not well understood. Refuting such 
concepts is the work of Baker,'* who studied the collagenous tissue of 
the m 3 ’'ometrium of 40 uteri obtained at necrops 3 ' and 19 removed at 
operation. The material consisted of 13 uteri from nulliparas dead 
from accidental causes, 7 from nulliparas dead from acute infectious 
causes, 14 from cases in which death was caused by a chronic disease, 
10 from cases of acute pelvic inflammation and 15 from cases in which 
there was a history of abnormal bleeding. Blocks Avere taken from 
various parts of the uterine wall and he observed that with the advance 
in the age of the patient there occurs within the uterine wall a gradual 
increase of collagenous fibers Avhich ultimately replace the greater part 
of the muscle. Neither localized nor systemic acute processes have 
any marked effect on the uterine wall. Chronic diseases have no effect 
on the uterine Avail of young nulliparas but hasten the age of fibrosis in 
older nulliparas. The uterine arteries shoAv less pronounced age 
changes than does the musculature. A study of the uteri from cases 
of idiopathic bleeding in 3mung Avomen shoAved no increase of fibrous 
tissue or abnormal arterial changes that Avould distinguish them from 
the normal controls. In the elderly Avomen there was often moderate 
to extreme fibrosis and a var 3 dng degree of arterial change, but these 
alterations Avere not more prominent than in the non-bleeders of cor- 
responding age. In brief, therefore, he found no satisfactory evidence 
that fibrosis of the uterine Avail is responsible for uterine hemorrhage. 

Irregular Shedding and Ripening of the Endometrium. For a number 
of years Traut and Kuder^ liaA^e found it increasingly difficult to account 
for the clinical history, as Avell as the histologic findings of some cases 
of functional uterine bleeding on the basis of the usual endometrial 
h 3 T)erplasia S 3 mdrome. They liaA^e come to the conclusion that there 
are other clinical entities AA'hich cause or are associated Avith metror- 
rhagia and although the 3 ^ may be hormonal in origin, they are quite 
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distinct from hyperplasia. They present two entities, one of ^^hlch 
has not hitherto been described while the other has been recognized 
only in the German literature. The usual type of functional bleeding 
is regarded as being due to endometrial hypeiplasia which results 
from a hypersecretion of estrin or lack of its neutralization by a decrease 
or absence of luteal hormone. In the condition which they describe 
as irregular shedding of the endometrium there is an aberration of the 
secretory or corpus luteum phase of menstruation. In 1 yoav they 
found that about 10% of their patients who had functional bleeding 
belonged in this group. These patients ranged in age from 23 to 
50 years and all gave a history of normal periods until they came under 
observation because of a prolonged and profuse period or of recurrent 
bleeding immediately following what was supposed to have been a 
normal menstrual period. Estrin determinations of the blood showed 
almost complete lack of this hormone. The genital organs were normal 
and no constitutional disease was noted in any case. Curettage shows 
a definite and characteristic histologic picture. The stroma is shrunken 
and composed of many deeply basophilic spindle-shaped nuclei. The 
spiral arterioles are usually dilated and engorged and occasionally 
thrombosed. The epithelium is obviously in the corpus luteum or 
secretory phase which distinguishes the specimen from hyperplasia, 
which is just as markedly non-secretory in type. In normal menstrua- 
tion the 'shedding of the spongiosa is a progressive phenomenon in the 
sense that there is focal shedding at a given time and that subsequently ■ 
other foci bleed and shed in succession, so that the duration of the 
menstrual period is dependent upon the rapidity with which the various 
local processes succeed one another. It would seem probable that in 
this tj^te of menorrhagia we have a very much prolonged menstrual 
period. As the corpus luteum is in the ascendancy during this phase 
of the cycle, it would seem that it had some causatir^e effect on such a 
disturbance of function, although the explanation must remain theo- 
retical for the time being. The treatment consists merely in the usual 
curettage, after which bleeding ceases. 

The second entity which they describe differs from both the hyper- 
plasia and the irregular shedding groups, for these represent two 
different phases of ovarian activity: the first, the Graafian follicle phase, 
and the latter, that of the corpus luteum, whereas the one now to be 
considered (irregular ripening of the endometrium) represents both a 
mixture of both proliferative and secretory phases. In their studj^ of 
100 patients with functional uterine bleeding, they found this mixed 
picture in 21, hyperplasia in 68 and irregular shedding in 11. Histologic 
examination in these 21 cases showed an endometrium ■which in the per- 
ipheral zone sho'vved areas Avhich were non-secretory and others which 
were just as definitely secretory. The impression which they gained 
from a study of the sections was tliat of a patchj'’ or irregular corpus 
luteum effect m an endometrium otherwise in the proliferative phase 
hence they call this condition "irregular ripening.” These patients! 
like those winch have irregular shedding of the endometrium, have 
responded promptly to curettage and have not had a recurrence of 
the disease. They are at a loss to explain the non-recurrence, because 
they feel that the disease has its origin in u quantitative imbalance of 
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the ovarian hormones vlhch should not be remedied in all cases by 
simple curettage. The above study is of interest to both the gyneco- 
logic pathologist and the endocrinologist; but to the practical oper- 
ating gjmecologists the important point is tliat all three conditions 
mentioned respond to curettage, although endometrial hyperplasia may 
occasionally require some irradiation as well. 

Menstrual Disturbances Associated With Low Metabolic Rates. A 
group of patients who had amenorrhea, oligomenorrhea or menorrhagia 
and low basal metabolic rates were treated by Haines and Mussey® at 
The IMayo Clinic with carefully regulated oral doses of desiccated 
thyroid glands. To determine the effectiveness of desiccated thyroid 
alone in the treatment of these conditions, no patients who received 
any other form of treatment were included in the study. Definite 
improvement in the menstrual flow was obtained in 72% of the cases 
in which there was amenorrhea; in 55% in which there was oligomenor- 
rhea, and in 73% in which there was menorrhagia. Aside from whether 
or not there was an improvement in the menstrual disturbances, about 
76% of the entire group of patients reported improvement in their 
general health after elevation of the basal metabolism to within the 
average normal limits. There is sufficient individual variation in the 
daily dose of desiccated thjToid to make it necessary to hold the basal 
metabolic rate at the optimal level for the individual patient. Tliere- 
fore patients were not treated unless they could be kept under obser- 
vation long enough to work out the necessary dosage. In this group 
the dosage varied from | to 3 grains daily. Because most patients feel 
best if the basal metabolic rate is held at about —3 to —8%, this level 
was aimed at in the treatment. It seemed as effective as higher levels in 
the treatment of menstrual disturbances and was much less likely to 
result in uncomfortable symptoms, such as palpitation, diminished heat 
tolerance and weakness. As a rule, thyroid treatment has to be con- 
tinued for an indefinite period. They have noted that when patients 
improve on thyroid medication, the discontinuance of the treatment 
is commonly followed by lowering of the metabolic rate and a relapse 
to their former condition. 

Treatment of Menstrual Irregularities. It is often of gi-eat importance 
to obtain a specimen of endometrium before instituting treatment of 
functional uterine bleeding in order to differentiate the physiologic 
responses of the mucosa to one or another type of hormone stimulation. 
Novak® states that the endometrium is the registering board of ovarian 
endocrine activity and its microscopic study often yields much more 
useful information than blood or urine hormone studies. For this 
purpose he has devised a suction curette apparatus which can be used 
without anesthesia and without discomfort to the patient. The instru- 
ment is about the size of the cannula which is used in the Rubin test 
and is connected with a power suction machine. The test can be done 
as an office procedure, but strict asepsis should be maintained. 

Antuitrin S, an extract of the Tirine of pregnant women, was admin- 
istered by Smith and Rock^ to 56 patients vdth dysfunctional uterine 
bleeding. Of these, 28 were cured, 22 benefited and 6 were unrelieved. 
The cessation of bleeding accompanied treatment so often and in many 
cases so rapidly as to leave little doubt as to the specificity of the 
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hormone. These cases usually show ovaries which fail to contain a 
corpus luteum which secretes the hormone which is supposed to prevent 
uterine bleeding. The logical treatment, therefore, would be the 
administration of corpus luteum. Since satisfactory iireparations of 
corpus luteum are not available for clinical use, several investigators 
have used the extract of urine from pregnant women which contains 
luteinizing principle causing the formation of corpora lutea in the 


a 


ovary. 


This extract is kno^\^n by several names, such as antmtrm 
prolan B, follutein, etc. The usual treatment consists of from 2 to 
6 intramuscular injections of 5 to 10 cc. over a period of from 4 to 
10 days. Each cubic centimeter represents 100 rat units, a rat unit 
being the smallest amount that will cause luteinization in the ovary 
of the immature rat. The reactions from the injections are often 
severe and occur in the form of chills, headache, fainting, nausea, 
vomiting and fever occurring within 12 hours after injection. They 
occurred in 21% of the injections in this series. The injections seem, 
to be more effective if given while the patients are bleeding than if 
given as a prophylactic, 

Bakacs® has been able to control abnormally profuse menses in 
82% of the cases by the injection of parathormone and calcium gluco- 
nate, whether the case is simple hjTiermenorrhea or metropathia hemor- 
rhagica. He uses a preparation called Paracals, which contains 50 units 
of paratlijTToid hormone and 100 mg. metallic calcium in' the form of 
ealcium gluconate, which is given as an intramuscular injection in the 
gluteal region. It is of value as a prophylactic treatment in about 70% 
of cases if injected, for 4 to 6 days before the expected period. He 
believes that the value of the parathyroid extract is not due alone to 
its action upon the calcium, but that it has some value of its own. 

The functional menstrual irregularities in young women have been 
diinded into two groups by Drips,® according to the predominant symp- 
tom, namely amenorrhea and menorrhagia. In a group of 244 cases 
of the amenorrheic t j^ie treated at The Mayo Clinic which were observed 
for 1 year, it was found that low voltage irradiation of the ovaries and 
the lij’pophysis has proved to be the most valuable therapeutic agent 
in reestablishing the menses. It has made pregnancy possible in the 
more severe cases in which organotherapy failed. In the menorrhagic 
group, comprising 213 cases, it was found that small doses of radium 
within the uterus constitute the most effective treatment in the more 
intractable cases in which organotherapy has failed. It should be 
empliasized that at this clinic irradiation is not administered until 
medical measures have been tried ndthout success. 

_ blazer and Spitz'® are also enthusiastic about the value of low voltage 
f pituitary gland and the ovaries. They report that 

23 ot 4/ womp suffering from severe amenorrhea have been menstru- 
ating regularly without the stimulus of incidental pregnancy for 
periods awraging 2.3 j'cars following such treatment. Eight of 15 
nomen suffering from a milder form of amenorrhea (oligomenorrhea) 
have likewise been restored to normalcy. In the patient of average 
size, the technical factors are 127 IC.V.. o M.A., 14 inch distance, 5 mm. 

nr St tn’erf ^ nimutcs. This is equivalent to 7 1 to 12^ S.E.D. 

or 50 to SO It. Ihis dosage is varied according to the size of the abdo- 
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men and the thickness of the abdominal wall. The central ray (in the 
pituitary exposure) enters just above and posterior to the midpoint of 
a line drawn between the outer canthus and tlie external auditory 
canal. In nearly half of the patients the pituitary gland and the ovaries 
were treated simultaneously; in the others the exposures were made 
alternately at 3- or 4-day intervals. Tlie residts were approximately 
the same in both groups. While roentgenologists do not hesitate to 
treat the pituitary gland, many of them are reluctant to expose the 
ovaries even to mild irradiation because of reports that in some cases 
a temporary amenorrhea has become permanent because of such treat- 
ment. It is possible that these amenorrheic women Avould have devel- 
oped amenorrhea of a permanent type even without such treatment. 
In order to determine the effect of their treatment on the ovaries they 
carefully recorded for a period of nearly 3 years after the treatment, 
the menstrual cycles of 11 regularly menstruating Avomen, and in none 
of them Avas the menstrual rhythm affected by irradiation in doses 
Avithin the limits indicated above. NcA'ertlieless, they caution that the 
margin betAveen the safe and the harmful dose is probably a A'ery 
small one. 

Keene and Payne^^ state that in many of the milder forms of func- 
tional uterine bleeding, the blood loss is insufficient to require treat- 
ment. Change of climate, occupation or mode of liAung Avill occasionally 
be folloAved by a resumption of normal menstruation, or the menstrual 
irregularity may cease for no explainable reason. They haA^e found 
that the use of antuitrin S has been of A'alue in about tAvo-thirds of the 
patients under 30. Beyond this age the treatment becomes less useful 
as the age increases, it being almost Avithout A'alue after the age of 40. 
The present teaching concerning the causes of functional bleeding casts 
discredit upon curettage as a therapeutic measure and e.xplains its 
frequent failure, but curettage may be of A’alue in certain cases, par- 
ticularly in young Avomen, Avhere one might hesitate to use radium. 
Some of these patients Avill be temporarily benefited or cured. With 
temporary relief the curettage may be repeated Avith the hope that 
sooner or later normal menstruation Avill become established. After 40 
and in younger Avomen, Avhen other methods have proven unsuccessful, 
radium or Roentgen therapy is indicated. They prefer radium because 
its dosage can be more accurately regulated and the beneficial effects 
are in part due to its local action upon the uterine bloodvessels. It 
should be remembered that profoundly anemic patients react poorly 
to both radium and the Roentgen ray, and either form of irradiation 
should be Avithheld until the blood has been improved by transfusion 
and other appropriate treatment. Radium may be dangerous in 
patients Avho haA’e had a preAuous pelvic operation, since an intestinal 
loop adherent to the uterus may be seriously damaged by the rays. 
The absence of intermenstrual peh’ic pain and seA'ere dysmenorrhea 
is characteristic of functional bleeding. Their experience stresses the 
point that Avhen pain is an associated symptom, some organic lesion 
is usually present, CA'en though examination fails to reA'eal it, and 
operation is preferable to radium therapy. With surprising frequency 
the wisdom of this decision Avill be proven Avhen the abdomen is opened. 
The highly nerA'ous woman is a poor subject for irradiation because 
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of the distressing sequelte which frequently attend the induced meno- 
pause. In this type of woman hysterectomy^ with ovarian conservation 
yields better results. Radium is rarely indicated in the treatment of 
patients under 20. When it is found necessary, the mitia dose should 
not exceed 200 mg. hours. Between 20 and 30, their results show that 
a dosage of 400 mg. hours can be administered safely This dosage 
will be more than 80% efficient in the control of bleeding, but a lew 
patients will develop a temporary amenorrhea of a few months dura- 
tion. Should the bleeding persist, the dosage can be increased by 
100 mg. hours. Their analysis of the group between 30 and 40 brings 
out the important fact that with increased dosage there is a rapidlj^ 
increasing incidence of menopausal manifestations. Whth a dosage of 
between 800 and 1200 mg. hours, permanent amenorrhea occurred in 
56% and severe menopausal symptoms in 47% of the patients. , An 
initial dosage of 300 mg. hours will control the bleeding in 80% and 
without permanent amenorrhea. Should reradiation be necessary, an 
application of not more than 400 mg. hours should be administered, 
and if this fails, they favor hysterectomy with conservation of ovarian 
function rather than increased radiation. Functional bleeding occurs 
most frequently between 40 and 50, and because these women are 
approaching the time when, in the normal course of events, functional 
activity ivill cease, the administration of a menopausal dose of radium 
has come into common usage. They believe, however, that this is a 
mistake because of the high incidence of severe menopausal sjTnptoms. 

In women near 40 they are using a 400 mg. hour dosage. Should this 
and a reradiation dosage of 500 mg. hours fail, a hysterectomy is advised. 

In women near 50, increased radium dosage can be used because the 
incidence of severe menopausal symptoms attending it will be more . 
nearly like those of the uninduced menopause. Between 50 and 60, 
the results of radium therapy are almost ideal, and maximum dosage 
can be given because severe menopausal reactions rarely develop. 

Dysmenorrhea. The satisfactoiy treatment of severe dysmenorrhea 
has always been a problem and in years gone by numerous anodyne 
drugs have been recommended, many of which were found to be 
without value, while others helped but slightly. With the advent of the 
surgical era various types of minor operations were advised, and while 
some were satisfactory in certain cases, there remained the stubborn 
severe tjqje of dysmenorrhea which seemed refractory to all forms of 
treatment. In recent years, following the successful employment of 
presacral s^unpathectoray for the relief of pelvic pain in cases of inoper- 
able cancer of the uterus, the suggestion Avas made that this same oper- 
ation might he of value in dysmenorrhea and numerous reports indicate 
that it IS being tried and with encouraging results. 

CounscUer and Craig'- believe that the results obtained from resec- 
tion of the superior hj-pogastric plexus wovdd indicate that the primary 
ctiologic factor in dysmenorrhea is dj^function of the pelvic sympa- 
thetic nervous system. Wlien this dj-sfunction is corrected by resection 
, ’T-i ^ permanent, wliile the functions of normal menstruation 
a ui childbirth are not disturbed. If menstruation lias been abnormal 

to broino menstruation 
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Adson and Masson’^ agree that the presacral fibers undoubtedly 
carry aflterent sensations of pain, but it is their opinion that the relief 
of pain in functional dysmenorrhea is obtained not only by cutting the 
pain fibers but from interruption of eft'erent fibers in the presacral 
group, which supply the bloodvessels in the genitalia and the muscu- 
lature of the uterus. In order to relieve all pain arising in the region 
of the ovaries, they state that it would be necessary to strip the ovarian 
arteries by periarterial sjunpathectomy or by dividing the vessels. Thus, 
by resecting the presacral nerve in conjunction with periarterial sym- 
pathectomy of botli ovarian arteries, it should be possible to relieve 
pain both in the uterus and in the ovaries. This combined operation 
is not done by many operators so far as the literature would indicate. 
Most of the reports that we have seen are concerned with presacral 
resection alone. Adson and Masson divide dysmenorrheas into two 
groups: the true functional tjTpe without organic lesions, and those 
which are complicated by gynecologic lesions. As a rule, therefore, 
at The Mayo Clinic, these patients are operated upon by both the 
gynecologic and the neurologic surgeons. Before any tjqje of sympa- 
thectomy has been performed the surgeon explores the pelvis and 
corrects the pathologic condition, and if not sufficient change is found 
to explain the pain, resection of the presacral nerve is performed as a 
single operation, or it is combined ■with resection of the lumbar trunk 
or Avith periarterial sjunpathectomy of the ovarian arteries. They 
have not done many presacral resections but they are convinced that 
the operation is quite useful, judging from the results obtained in the 
cases which they have operated upon. 

Based on an experience of 21 cases, De Courcy’^ strongly recom- 
mends the procedure for the relief of obstinate cases which have proved 
quite resistant to ordinary measures. Good judgment in the selection 
of cases is a prime requisite. He uses the same technique as others 
have described and has had no case in which pain has l)een unrelieved. 
He has found that menstruation regularly takes place within 48 to 
72 hours after operation, no matter at what time in the menstrual cycle 
it has been performed. Most of his patients have had to be catheterized 
for 2 or 3 days, but none of them has had further bladder trouble. 
Several of his patients became pregnant subsequent to operation. 

Wetherell'® believes that this operation belongs in the domain of the 
gjmecologist; one who is able to analyze the individual case and to 
determine whether everything has been done in a medical way for the 
relief of the dysmenorrhea. Furthermore, it is necessary that he be 
able to judge the necessity for the removal of gross pathologic conditions 
if found present. It is not merely a question of whether the surgeon is 
able to resect the plexus, but whether the individual case has been 
fairly studied and that nothing remains to afford relief except surgery. 
In the light of previous radical treatment, such as radiation, hysterec- 
tomy, or the use of opiates, he believes this operation to be a conserva- 
tive one, but the ever present possibility of a mortality must be kept 
in mind and the operation advised only in those cases in Avhich there 
is definite evidence that no other treatment will help. The operator’s 
experience should be such, that in cases of secondary dysmenorrhea 
requiring other surgery, tlie operation "will be performed with such 
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vapidity as will allow enough time for the added nerve resection without 
jeopardizing this patient. He has found no deleterious effect on libido 
or future pregnancy as a result of the operation _ 

As a result of his small experience with this operation, iteene 
believes that it has a place in the treatment of properly selected cases 
of functional dysmenorrhea, but its adoption is warranted only when 
less radical measures have failed. In organic dj’^smenorrhea, presacral 
resection may be used vdth advantage to supplement operations on the 
pelvic organs. He has found that the operation is ordinarily not 
difficult, but conditions may be encountered rendering its performance 
not only tedious but also hazardous. 

Kindeh^ has performed the operation in a series of 39 cases with 
2 deaths. There were 4 cases which could not be followed although 
the immediate results were good. Of the remainder excellent results 
were obtained in 14, in 4 the results were classified as very good, good m 
6, fair in 4 and there was no benefit in 5. He also cautions that this 
procedure should be employed only in carefully selected cases. It 
should not be used as an immediate procedure, particularly in adoles- 
cent girls whose first few periods may be irregular and painful. One- 
fourth of the patients in this series had been previously operated upon 
without relief of their dysmenorrhea. It can be clearly seen from all 
of the above reports that this operation is not to be lightly recommended 
to the "run of the mill” patient with dysmenorrhea, but when one of 
the cases of severe type appears and all other types of treatment 
liave failed, this operation may be recommended with a reasonably 
good expectation of relief from further pain. 

Frank B. Block, M.D. 
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SOME CURRENT CONCEPTIONS OF CUTANEOUS ALLERGIC 

MANIFESTATIONS. 

Theory of Allergic Manifestations. Tlie new-born science of allergy 
is going through a variety of very interesting clianges and one might 
say experiences in its efforts to apply and accommodate itself to the 
behavior of the skin. It is proposed in this summary to editorialize 
to a certain extent on the publications of the past several years rather 
than to attempt a complete and meticulous review of a literature so 
enormous that even constant special attention can scarcely keep track 
of its innumerable ramifications. 

One of the best evidences of flux in a field of knowledge is confusion 
in terminology and controversy over names. The prime example of 
this with respect to allergic phenomena in the skin is the discussion 
which has waged about the term eczema. Eczema has always been a 
subject of controversy among dermatologists, the morphologic school 
attempting morphologic differentiation, the histopathologic school at- 
tempting histopathologic differentiation, and more recently the newer 
etiologic and functional vie^vpoint attempting differentiations based 
on multiple causative factors and on functional changes as distinguished 
from structural alteration or clinical lesion. With a perspective of 
20 years it is particularly interesting to observe how the old arguments 
over the significance of oozing, crusting, Assuring, thickening or licheni- 
fication, and similar signs as differentiating between dermatitis and 
eczema, have gradually bi’an'ched out on the European side of the 
Atlantic into an effort to define eczema as a specific reaction on the 
part of a specific group of cells, namely, the epidermis. As the more 
or less opposing side of the argument, emphasis has been laid by another 
group on the differentiation of eczema from dermatitis on the score of 
an individual predisposition in the former, a background, a general 
susceptibility, or the interplay of various elements including infection. 
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vasomotor and sweat function, neurogenous factors and functional dis- 
turbances in various structures of the body as well as focal or localized 
infections (other than cutaneous). These are regarded by this group 
as the setting for the stage or the etiologic scene, so. to speak, on wmcli 

the actual dermatosis develops. . v . ,i j- 4.- 1 

In the main we believe it may be said that within the functional 
group the allergists have tended at first to emphasize the local factors 
in opposition to or with' a reluctant disposition to compromise with 
those who have continued to insist upon the great importance of the 
individual makeup and the predisposing background of the patient. 
In Europe, some of the most striking and particularly satisfying ad- 
vances have been made by the Jadassohn and Bloch school of derma- 
tology. The demonstration by them of specific cutaneous allergic 
susceptibility, their emphasis upon the localization of the shock struc- 
ture in contact dermatitis to the epidermis and the definiteness with 
which they have been able to define the exciting or “trigger pulling” 
causes in many previously ill-defined eczematous manifestations has , 
aroused general admiration and has very properly given their pro- 
nouncements extraordinary weight. For other than European, or one 
might almost say German-speaking students of cutaneous disease, 
however, the appreciation of and general acceptance of these views 
has been retarded by a difficulty involving terminology. The limita- 
tion or appropriation of the term “eczema” traditionally carrying for 
English-speaking people at least an aura of the indefinable or ipso facto 
constitutional background, has obscured rather than clarified the situa- 
tion, at least for the time being. It should be clearly understood by 
all students of cutaneous allergic phenomena that eczema in the mouth 
of European, and particularly of German or Swiss trained, derma- 
tologists means a dermatitis resulting from the specific irritation of a 
specific group of epidermal cells and nothing else -whatever. Other 
forms of inflammatory reaction on the part of the skin are not in the 
estimation of this group of observers to be rated as having title to the 
name eczema, however much they may seem to conform in clinical 
appearance to the conventional morphologic and structural appear- 
ances of what for English and American dermatologists has been eczema 
ior considerably more than half a century. On the other hand, der- 
matitis with purely locally acting causes, which disappeared on removal 
of the irritant, and which for the English and part of the Viennese 
school has been dermatitis and not eczema, has been included by the 
ncv group in eczema.” For English-speaking dermatologists, and 
some J54uropeans until -v'ery recently, no such specific allergic sensitivity 
on 1 1C part of a particular group of epidermal cells was recognized, 
bczema for them meant a morphologic and evolutionary picture which, 
icginning as a dermatitis, evidenced a tendency to persist and to 
um ci go , I succession of clinical and histologic changes toward chron- 
icity wliicli seems to indicate a profound involvement of the entire 
skin, to say nothing perhaps of the entire individual. 

lmii)ha.sis on the individual as a predisposing background at first 
held a relatively small place even in the thinking of the English-speaking 

Lv Ivl This Avas an inevitable result of the process 

b\ nhich dermatology separated itself from general medicine and made 
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itself, at the start at least, a morphologic specialty. There was an 
inevitable tendency to emphasize morphologie characteristics and 
eczema, therefore, became a morphologic designation, clinical in char- 
acter and with only a shadowy and ill-defined relation to a general 
medical or individual predisposing background. 

Of late, however, British dermatologists have come to issue in the 
light of the newer knowledge. One now witnesses the splitting off in 
the one direction of a group represented say by Adamson^ in recent 
discussion (reference may be made to recent editorial’"), wdio accepts 
in the main the German view that the term eczema should be applied 
to a specific localized sensitivity phenomenon. On the other hand, 
one sees an equally deterrliined and efl'ective gi’oup represented in the 
utterances of Ingram,” who insists that eczema comes into existence 
and is definable only in terms of the predisposed or constitutionally 
susceptible individual. In other words, a specific irritant can pro^•oke 
a dermatitis under certain conditions in cveiybody, but certain specific 
irritants are capable only of provoking dermatitis in individuals pre- 
senting a definite predisposing backgi'ound. The first tj-pe of derma- 
titis is dermatitis venenata, or contact dermatitis. The second type 
of dermatitis is eczema. 

While the English-speaking point of view has been somewhat tardily 
developing and accommodating itself to the advances introduced by 
the German or Continental group, the Continental point of view has 
been ably represented in the United States by such observers as Wise, 
Sulzberger, Peck and their coworkers. These observers have been 
essentially missionaries for the advances introduced by Jadassohn and 
Bloch into the understanding of specific allergic phenomena with respect 
to the skin. No reckoning of significant contributions in the English- 
speaking field would ]je complete, moreover, without mention of the 
intensive studies of Coca and his coworkers, and of Rackemann, Rowe, 
Duke and other observers in the general allergic field, who have applied 
their general conception to allergic disease of the skin. Of these 
observers. Coca especially has made important contributions to the 
constitutional background problem in his analyses of atopy and of the 
gastro-intestinal phase of allergic etiology. The general importance of 
the constitutional side has been studied and discussed in resume in 
the past by the Finkelstein gi-oup of pediatricians, for example; by 
Rost, who has attempted to analyze and describe the “ late exudative 
eczeraatid” and the exudative diathesis; by students of the neurogenic 
and vascular factors such as Kaposi, Pula5'', Sack, Brill and Becker; 
by French observers from Alibert to Darier; and by general clinical 
observers such as Stokes and his associates. 

The contributions of Coca and of Sulzberger, Peck and their coworkers 
have concerned themselves within the last several years with an im- 
proved definition of the various tjqies of allergic manifestations whieh 
may present themselves on the skin and in an effort to define (or one 
might without impropriety say, to theorize on) the identity of the 
shock structures involved. Coca® classifies three common types of 
allergic skin disease with reference to specific etiologic diagnosis and 
treatment as follows, the tabular presentation referred to combining 
his o^^’n views with those of Sulzberger and Wise. The first group 
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includes the atopic dermatoses excited by water-soluble antigens, food 
proteins and iXled substances. These are tested ^^ueous 
dried extracts, by intracutaneous, scratch or indnect 
ner or passive transfer) methods, show a relatively short reac ion 
with wheal and erythema, and are to be treated by avoidance if practi- 
cable, and if not, by desensitization if possible. The second group 
includes coniad dermatitis, which is usually distinguished by its non- 
familial character, is due to non-antigenic substances, often sunple 
chemicals and vegetable oils, to be tested for by the origmal material 
or its extract, using the surface contact or patch test. The reaction 
time in this group of dermatoses is usually several hours to several 
days, or even weeks; the reaction is a local, erjd.hematous,,and vesicu- 
lar dermatitis with no production of antibodies, and the treatment is 
essentially that of avoidance with occasional successful desensitization, 
especially where vegetable oils are responsible. The last gi'oup includes 
the fimgvs dennatiiides, including the eczematous dermatophytids which 
are the products of hj'phomycetes and molds. The test material is 
the filtrate of broth cultures, the test technique the intracutaneous or 
patch, the reaction time several hours to several days, and a positive 
reaction is manifested by an inflammatory papule with eczematous 
dermatitis without formation of antibodies. Desensitization is con- 
sidered by these authors as often successful but rather tedious. 

Sulzberger, Wise and Wolf'* have vividly presented in diagram form 
the current views of their group with reference to the shock structures 
involved in cutaneous allergic disease. In eczematous reactions, the 
first group of common allergic dermatoses, the shock tissue is the 
epidermis; the reaction time, 24 or more hours; the characteristic lesion, 
spongiosis and intra-epiderraal vesicle formation. The causative sub- 
stances are frequently simple chemicals or products of fungi. Emphasis 
should be laid in this statement on the spongiosis and intra-epidermal 
vesicle formation which is accepted by many Contmentally trained 
observers as almost equivalent to a histopathologic diagnostic criterion 
for “eczema,” in the European sense of the term. The second group 
of common allergic dermatoses, according to these authors, is the tuber- 
culin-trichophyton tjqie of reactions (not infrequently combined with 
eczematous responses). In this case the shock tissue is the upper 
cutis or cutis, the reaction time from 24 to 4S or more hours. The 
characteristic lesion is the lymphocyte and the later epithelioid cell 
mhltration. The causative substances are usually microorganisms, 
bacterial or fungus products; the allergic manifestations of this group 
icing then essentially those of “allergy of infection.” The test pro- 
cec ure for the tuberculin-trichophyton type of reaction is intracutaneous 
injec ion witli a reaction time of 4S hours. The third group of common 
allergic dermatpses, as defined by Sulzberger, Wise and Wolf, are the 

these the shock tissue is the upper cutis, par- 
ticularly the bloodvessels, and increasing emphasis is being placed by 
these authors on the bloodvessels and their relation to blood-home 
allergic excitants. The reaction time to intracutaneous, scratch or 
conlktW^ vascular allerp is from 10 to 30 minutes, the reaction 

and flare formation, the characteristic 
histologic lesion being edema with extravasation of fluid and eosinophils 
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(wheal). The causative substances for this group of allergic reactions 
in the skin are foods, inhalants, and the produets of microorganisms. 
The fourth group of common allergic dermatoses is labeled “miscella- 
neous” and includes drug eruptions, phytids, pyids and other “ids.” 
The shock tissue in these cases is regarded as the deep cutis, epidermis 
and hair follicles, the reaction time from minutes to days, the lesions 
multiform in character, including nodules, fixed polychromatic areas, 
multiform dermatoses and follicular lesioiis. Tlic liistopathology is not 
specifically defined, the substances responsible include chiefly diaigs 
and microorganisms and the test procedures which are rated as usually 
inconclusive, include the patch, Moro, or intradcrmal techniques. 

In this spmmation, then, one has a fairly well-defined picture of the- 
“localist” viewpoint with respect to allergic dermatoses. It will be 
noticed that at no point does the description cited raise the question 
of constitutional predisposition, except in the atopic group, as originally 
described and elaborated by Coca, particularly from the standpoint of 
the heredity, and the tissue irritability element. Thus far, we believe, 
it is to be generally conceded that the localists, if one may call them 
such, have been unable to define what it is that constitutes the irri- 
tability, allergic responsiveness, hypersensitivity, or whatever other 
term may be adopted, which actuates the individual cell of the shock 
structure in its extraordinary behavior towartl what for normal persons 
are very ordinary contacts. 

It is on this point that the attention of those who aim to expand 
the conception of eczema in the direction of the study of the predispose 
or eczematous habitus, diathesis, constitution, etc., wish to concentrate 
their attention. In Ingram’s presentation of the constitutionalist view- 
point and in the next two sections of this summary, principal attention 
is, therefore, given to the factorial interplay in allergic manifestations 
and to the recognition and study of the predisposing background. Even 
the most determined localists are coming to recognize that the entire 
story is not told when the individual reaction has been limited to a 
shock structure and histologically or clinically defined therein. There 
still remains an enormous and as yet relatively unexplored field of 
general medicine and etiology which under various names, as above 
mentioned, constitutes the stage setting for the crucial act of allergic 
response, to use one form of metaphor, or the “load” of the human 
gun which explodes with the “trigger pull” of an allergic excitant. 

Factorial Interplay in Allergic Manifestations. One of the most use- 
ful conceptions in dealing Avith analyses of the allei'gic state is that of 
multiple etiology. So long as an observer adheres either in his mental 
evaluations or his experimental attack to a single-cause view of disease 
phenomena, at least so far as the skin is concerned, he inevitably, 
sooner or later, finds himself confronted Avith a hiatus betAveen the 
results of his theorizing and the effects of his practice. In other Avords, 
he clears up his patients temporarilj’^ by the removal of Avhat he defines 
as a causatiA'e allergic agent, and then finds them inexplicablj’’ and 
quite inexcusably relapsing Avith, in a A'arying proportion of cases, no 
satisfactory local explanation. He may identify a single allergic 
excitant or a number of allergic excitants, only to find, following an 
iuA’estigation of the relapse, that the patient noAV appears to be sensi- 
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live not only to the original exciting substance or substances, but to 
rnumber of additional substances. In some cases, these substances 
belong in the general chemical or group category oj origmally 
identified excitants; in others they belong to entirely different groins. 
In some cases, the patient has clearly lost his sensitivity to n^at was 
rated as the original excitant, and developed sensitivities to other 
excitants Avliich were clearly recognized as negative, _ or at le^t as 
producing no cutaneous response in the original investigation, these 
paradoxical situations have done more than anything else, perhaps 
shortsightedly, to discredit allergic study of cutaneous etiology and 
have given those with limited experience distrust rather than confidence 
ill the ordinary types of allergic work-up or investigation. It is not 
until a general examination of the entire situation discloses the develop- 
ment within the patient as a whoIe_ of new complicating factors or a 
lighting up of old and previously quiescent ones, that a possible expla- 
nation of some of the changing surface allergies comes into existence. 
To cover this situation, a phrase was developed comparatively early 
in the study of allergy with respect to the skin and other structures, 
which is now one of the most useful of all the combinations of words 
available in this magnificent field in explaining what we cannot explain, 
or at least in labeling it. This phrase is “broadening the base.” 
(Urbach has recently spoken of parallergy and metallergy.) It is now 
quite clearly recognized that numerous influences, many of them con- 
stitutional both in their general involvement of the body, and in the 
methods and investigation necessary for their detection, can alter the 
allergic behavior of the skin. A general or a local infection is capable 
of Irringing into existence, or at least rendering effective allergic pre- 
dispositions previously completely unrecognized, and perhaps, tyso 
facto, non-existent. Similarly, the dose, so to speak, of an allergic 
irritant applied to a shock structure seems capable of driving it into 
frenzy, so to speak, and bringing about an extended or multiple sen- 
sitivity which includes far more than the allergic response to the 
original substance or small group of substances first identified by tests 
or exclusion methods. Bloch, for example, pointed out the ability of 
the toxic principle of primrose to sensitize all persons in sufficient 
dosage and to extend the allergic susceptibilities of certain individuals. 
The state and behavior of the gastro-intestinal tract w-ith reference to 
digestive ferments, infection, hydrogen-ion concentration, etc., is cap- 
able of modifying to a degree highly significant for the skin the pro- 
(hiction within the tract of allergens and the ease or difficulty with 
which^ they are absorbed. A part of the literature on this mechanism 
IS reviewed by Stokes and Pillsbury.-’’ Focal infections in other struc- 
ture.s, localized infections on the skin with mycotic and pyogenic 
orgamsnis, are apparently capable of inducing both an extension 
geographically of skin sensitiveness in involved areas and the develop- 
incnt of a general extensive sensitiveness, making possible the clinical 
phenomena of “ids.” 

_ I nrther notable recent advances in this direction concern the excita- 
tion of allergic states by non-allergens, foreign proteins, etc. Amone 

hesc observations should be mentioned HaxthausenV demonstration 
that sensitivity to an arsphenamin can be brought about in the human 
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subject by the parenteral introduction of deazotizod liorsc serum, for 
example. The increased susceptibility of the atopic and allcrgicallj' 
predisposed tyjies of individual to the arsphenamins in intracutaneous 
tests was demonstrated by hloore, Woo, Robinson and Gay.^ Sulz- 
berger and Mayer^ showed that the behavior of guinea pigs with respect 
to the induction of arsphenamin sensitization varies not only with the 
season but with the part of the world in which the tests are performed. 
Striking variations were exhibited between New York and Breslau, 
apparently not dependent on such influences as diet. Slayer and 
Cajkovac,® from the Breslau Clinic of Jadassohn, showed that the 
general non-specific sensitivity of the skin in eczematous individuals 
as well as in those with lichen Vidal and prurigo Hebrre exhibited 
seasonal variation with peaks in the spring and fall. It is evident, 
then, that a group of predisposing factors in skin allergic phenomena 
and sensitivity' exists which is not summed up in a description of the 
site of shock structure or the clinical appearances of the lesions produced 
by allergic excitants. 

In still another field which may be rated as part of the multyile 
factorial interplay in allergic manifestations, I'ecent advances have been 
made. This is the demonstration of multiple antigenic factors in 
seemingly simple and highly specific antigens. Using ‘experimental 
methods, such as those of Schultz and of Dakin and Dale,'® Jadassohn 
and Schaaf" have been able to differentiate in bacterial and fungus 
antigens, including trichophyton and tuberculin, indi^’•idual antigenic 
interrelations of a highly complex character. Dakin and Dale, in 1919, 
pointed out that the crystallin albumen from the egg of the domestic 
fowl and of the duck behave as distinct antigens' for. the anaphylactic 
reactions, the difference between the two being constituted in their 
physicochemical structure. Yfiien the proteins are racemized, the 
amino acids escaping racemization are not identical in the 2 cases, so 
that the two albumens, while perhaps clinically '■ are 

in reality allergens of a different order. Jadassohn, " ■ . ! ' ■ sch'® 

in recent contributions believe that hen egg albumen and duck egg 
albmnen each contains at least two antigens, one of which is identical 
in the two varieties and the other different. It is apparent, thei'efore, 
that etiologic analysis of allergic manifestations is still merely in its 
crude beginnings and must shortly be carried as far into the field of 
analytic and synthetic chemistry as the structure and behavior of 
endocrin hormones. 

Another group of factorial interacting influences is the infection- 
allergic and the infection-contact-irritant interplay. This has thus far 
been best observed in clinical studies of fungus e.\cited allergies, to 
which there have been a number of recent contributions. Beerman,'® 
for example, in his recent work on leather dermatitis, emphasized the 
great importance as a sensitizing agent, of the chemicals used in the 
tanning of leather with respect to susceptibility to fungus infection. 
Fungus infections may in turn constitute sensitizing agents, rendering 
the individual reactive to irritants to which he would otherwise be 
relatively insusceptible. It is hardly to be believed that the mere 
development of abrasions is the sole explanation of the developed sen- 
sitivity, though of course the laying bare of the epidermal shock struc- 
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ture can logically be regarded as a means of facilitating locally the 
development ofsensitiveness to a particular agent. 

Especially may the group of papers concerning themselves with the 
clinical aspects of arsphenamin dermatitis and its relation to the 
allergic state;, and those describing pityriasis rosea-like exanthems under 
bismuth treatment” be considered as illustrations .of the interplay ■ 
between drug sensitiveness and the fungus infections. Stokes and 
Kulchar^ for example, found that patients with fungus infections, 
known to be sensitive to arsphenamins flared up at the site of their 
fungus lesions even under minute amounts of arsphenamin; that some 
patients with fungus infections were apparently predisposed to arsphen- 
amin dermatitis and that one patient even over a period of some years’ 
observation demonstrated an interrelation between a general allergic 
state, in which feathers proi^ed to be the excitant of an arsphenamin 
dermatitis on one occasion, bismuth on another and a fungus infection 
on a third. The pityriasis rosea-like and extensive “dermatophytid" 
exantliems now knoivn to be associated ndth bismuth reactivity are 
apparently, at least to all clinical appearance, drug excited explosions 
of cutaneous allergic phenomena and infections. Still another group 
of interrelations betuTeii fungi and non-bacteria] allergic excitants has 
been illustrated by the observations of White and Taub,^® who showed 
that fungus intertriginous mycoses of the liands may be predisposed 
to by contact allergic excitants such as cake flour, for example; and 
that no lasting recovery can be secured until the presumably protein 
allergen is excluded from the picture. 

Yet another important group of observations illustrating interplay 
phenomena concerns nickel dermatitis. Cormia and Stewart,^’' for 
example, observed a case in which a flare-up at sites of nickel dermatitis 
occurred in association with an extensive dermatophytic outbreak. 
The especially prolonged association of irritation by nickel in nickel- 
plating plants with pyogenic infections, though in part a phase of the 
pneral relation between susceptibility to dermatitis and pyogenic 
infections, is well recognized by students of occupational dermatitis. 

Wiile perhaps not entirely classifiable with the interplay phenomena, 
tlms far discussed, it is of interest to note here that it is by no means 
necessary that allergens producing “eczematoid” manifestations shall 
attack the skin by way of direct contact with the epidermis. Sulzberger 
and Vaugban s'® apparent demonstration that inhaled silk particles are 
capable of giving rise to eczematous silk allergic manifestations in tlie 
skin which could not be excited by actual contact has, however, been 
disputed by Taub and Zakon,'® who were unable to confirm Sulzberger’s 
observations, possibly through differences in terminologic rating of the 
cutaneous Jnanifestations. Neurodermatitis, the condition in question 
V ith which both observers dealt, is a term frequently of more morpho- 
logic tlian etiologic significance at the present time. Moreover “ neuro- 
( crmitis when involved in the eczema-asthma-hay fever complex is 
one of the most involved of cutaneous etiologic problems. It should 
le noted too that laub and Zakon did succeed in proving silk respon- 
si)lc entirely for the eczematous or neuroclermatitic manifestations in 
o cases out of the / they ini'estigated. 
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Recognition and Study of the Predisposing Background. The fore- 
going observations on faetorial interplaj"^ lead inevitably' to a discussion 
of what seems to be the increasing emphasis placed by both clinicians 
and investigators on the predisposing background of cutaneous allergic 
manifestations, and particularlj’^ of the “eczema” whose definition we 
discussed at the outset of this resume. E\'cn the “localists” are 
beginning to broaden their horizon and deepen their background. 
Wise and Sulzberger,^'* speaking editorially in their annual review of 
allergy and immunology in relation to the skin, provide an exceptionally 
clear example of the evolutionary changes through which the thinking 
mind is going in the recognition of the broad background of allergic 
phenomena. Their remarks deserve quotation in their entirety, for 
they might and in fact have in one form or another been insisted upon 
repeatedly by “constitutionalists.” 

“It is recognized that in allergic disease, the so-called ‘cause’ is not 
really ihe cause, but simply the ‘trigger’ (eliciting) factor. So, for 
example, horse dander is not the cause of a patient’s asthma. The con- 
ditions of constitutional and acquired nature, the conditions which 
have determined the patient’s peculiar susceptibility to sensitization 
with horse dander — these, plus the dander, are the causes of the asthma. 
Gerson (in discussion of whose views their editorial appears) attempts 
to influence the underljdng susceptibilities by diet. This is a praise- 
worthy attempt and an approach not to be neglected. However, in 
^^ew of our inadequate knowledge of the fundamental mechanisms at 
the root of the peculiar predisposition to sensitization, such attempts 
are, in our opinion, at present still doomed to failure in most instances. 

“ Criticism is doubtless also true in some measure of attempted cures 
through the finding and elimination of specific allergens. However, 
the latter method, which is the usual one today, still promises greater 
chances of success. Nevertheless, the time may not be too far distant 
when non-specific measures for reducing sensitivity will surpass in 
efficacy those of specific investigation, elimination and therapy. This 
is the goal toward which all of us are continually striving. 

“The best method for practical application in allergic disease today 
consists, in our opinion, of a logical combination of all possible non- 
specific hjTposensitization measures, plus all efforts at specific elimina- 
tion and/or hjqiosensitization.” 

Coming from staunch localist spokesmen, this is indeed a concession 
to the validity of the “constitutionalist” cause, which must draw 
enthusiastic appreciation from those who have maintained that pre- 
disposing background quite as much as, if not more than local exciting 
cause, defines the entity (if such there be) of “eczema.” 

In one of the most important practical studies in the American 
literature, Eller and Schwartz,^’ dealing with occupational dermatitis, 
have recently emphasized essential elements in the predisposing back- 
ground of cutaneous sensitiveness. It should be recalled that in so 
doing, they have followed in the steps of observers such as Bloch, 
whose breadth of view on allergic phenomena included generous recog- 
nition of a predisposing background; and of Mayer, Prosser White, 
the most distinguished English exponent of occupational cutaneous 
disease, Gardiner, O’Donovan, and others including Rost and writers 
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on “diathetic eczema// It must be realized too that as recently as 
1932 Downing and Welch “ in reviewing the 10-year literatuie on 
industrial dermatoses and their treatment, including the standard 
of Prosser Waite and of Oppenheim, as well as Ullmam, Oppenheim 
and Rille, plus a summary based on a bibliography of 168 titles, practi- 
cally omitted from discussion the problem of the workers predisposition 
to occupational eczema. Eller and Schwartz, on the other ban , 
accept the broader viewpoint, in part directly and in part by implica- 
tion, by giving predisposing significance to age, pigmentation, excessive 
dryness (ichthyosis) and excessive moistness (hjiieridrosis, a nervous 
phenomenon in many cases), focal and local pyogenic infections, 
trauma, a predisposition to recurrent skin eruptions which they _ do 
not attempt to define, and multiply or "polyvalent” sensitivity. 
Tliis is manifested in the tendency of a worker Avho has once become 
sensitive to one substance to become sensitive also to others. They- 
likcwise accept fungus infections as standing in the first rank among 
predisposing causes, together with their phytid sensitization mechanism 
and its tendency to induce “polyvalent” sensitiveness. They mention 
heavy metal poisoning as a possible predisposing agent to allergic 
response still unproven, and finally speak in general terms of tlie rough, 
ignorant, careless and slovenly person with poor hygiene who does not 
keep his skin clean and who is careless about clean clothes. It was a 
widely overlooked part of the unusual vision of Prosser White and the 
English gi-oup of students of occupational dermatitis that they recog- 
nized the age, exhaustion, overwork, worry and seborrheic factors 
among the predisposing influences in the background of occupational 
dermatitis — an emphasis which subsequent students of the subject 
could do well to imitate. 

As further evidence of a broadening vie^vpoint in the literature, 
Urbach,-^ among observers, who has recently devoted much attention 
to the gastro-intestinal factors in cutaneous allergy, closes a discussion 
of the diagnosis and treatment of nutritive allergic dermatoses by 
urging that “regardless of the method chosen to eliminate the manifes- 
tation of food allergy, the underlying causes of the predisposition should 
also be sought; these may include foci of infection, neglected gastritis 
or enteritis, hepatic disease, endocrin disorder, etc. If left uncared 
for, such conditions may later give rise again to allergic processes not 
necessarily manifested in the skin.”2o 
Diet and its collateral implications has had attention among pre- 
disposing elements in the writings of Gerson,-'* well known for his con- 
tnlnitions to the salt-free dietary treatment of cutaneous tuberculosis; 
.‘Vnderson and Ajn-es;-^ and from Zitzke and Peters-® from the stand- 
point of acul-base equilibrium. The therapeutic side of Gerson’s views 
IS guen m the discussion of the dietary treatment of cutaneous allergj^ 
nit some of Ins general observations are in point here. Gerson accepted 
as a factor in his own case an inherited predisposition to furunculosis, 
lie pointed out the_ relation between infection and allergic predisposi- 
lon, insisting that infections become chronic through a summation of 
i 1 ergic predispositions and allergizing infections. He maintained that 

ivirrnJ'tfM ^^1 to«-ard inflammation and spasm exists as 

p. t of the background of the individual before the disease, and explains 
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the failure of recovery. Anderson and Ayers, using the specific instance 
of erythematous lupus of the disseminate type, in which on clinical 
grounds there is much reason to suspect a profound allergic hyper- 
susceptibility, cited the startling improvement which occurred in a 
patient under the diet advocated by a food faddist after failure of the 
usual therapeutic measures. Subsequently the authors tried this same 
diet in 6 patients with either lupus erythematosus or active dermatitis. 
Several of the patients were helped, 1 to the extent of 75 to 80%; 
2 patients, 1 with a severe actinic dermatitis, remained unchanged. 
Zitzke and Peters examined the influence of acid-base equilibrium in 
connection with the treatment of eczema, pointing out the current 
differences of opinion regarding the influence of acid-base cquilibriiun 
and their relation to complex factors in the food intake, including 
especially mineral salts and the vitamin content, which they feel may 
explain the seasonal differences in sensitivity of the skin to irritants. 
In examining the recent literature on acid-base equilibrium in relation 
to m-ticaria, Stokes, Kulchar and Pillsbury-^ found in the main that 
while there might be such a disturbance it was not yet identified in 
such terms as to be applicable to any large group of clinical cases.. 
Observers such as Criep^® and Joltrain ci al.~^ were unable to find any 
acid-base disturbance in the lilood, while Vallery-Radot cl aL^° observed 
low alkali reserve and were alrle to reproduce urticaria by reproducing 
the alkali deficiency. 

Continuing tlie discussion of predisposing causes, Wedroff and 
Dolgoff,®^ approaching the problem of reactive capacity of the skin by 
way of the use of obligate chemical irritants in eczematous and healthy 
persons, observed an increased reactivity of the sldn in eczematous 
individuals which tliey did not consider to be a phenomenon of allergy. 
They raised the question as to whether this reactivity was to be ex- 
plained as a constitutional phenomenon which precedes the eczema and 
plays a role in its pathogenesis, or whetlier it is to be regarded as a 
consequence of the eczema. 

The influence of the nervous system in the predisposing background 
of allergic manifestations in the skin has received attention mainly 
from clinicians who have repeatedly observed the apparent neurogenic 
background of what is technically called neurodermatitis disseminatus 
and “diathetic eczema” — the eczema phase of the eczema-asthma-hay 
fever complex. Attempts to reinforce by test procedures the insistence 
of some observers on the clinically disordered state of the presumably 
sympathetic portion of the nervous system in these patients have thus 
far not progressed as they might, largely because of the relatively 
unsatisfactorj’’ methods for determining the function of tlie autonomic 
and sympathetic mechanisms and their balance interrelationship. The 
older literature was extensively reviewed and aligned by BrilF" in 1926. 
Recently Marquardff^ has studied the problem in guinea pigs experi- 
mentally sensitized to ursol. Pilocarpin was foimd to increase the 
hypersensitivity, but only if it was injected in the latent period pre- 
ceding the actual development of manifestations. Atropin failed to 
lessen the hypersensitivity possibly because of the low response of 
guinea pigs to atropin. The sedative group of drugs had no particular 
effect in weakening the sensitization except in the case of luminal. 
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Carrying over liis experiments to man, Marquardt tested norma 
subjects with adrenalin, atropin and pilocarpm^ and then sensitized 
diem to ursol followed by retesting. The reaction to pilocarpm was 
definitely heightened by sensitization, whib that to ajenahn and 
atropin underwent no significant change. This suggested hmghtened 
response of the vegetative nervous system he believed to be the conse- 
quence rather than the cause of the dermatosis, but was obliged to 
concede that whether the parasympathetic or the sympathetic mechan- 
ism responded in the sensitization process,^ was probably a function 
of the indi^ddual vagus-sympathetic balance in the particular individual 
under test. This, together with the older observations of SzondP 
and many others that vagus-sympathetic balance differs from organ 
to organ and structure to structure, in a given individual, as well as in 
different individuals, seems pretty well to lay on the shelf for the 
moment the attempt to approach the problem of vagus-sympathetic 
background in allergic cutaneous lesions by way of the conventional 
pharmacologic tests. 

One of the most interesting contributions within recent years to the 
neurogenous background of cutaneous allergic response, and one w^hich 
if confirmed vdll almost startlingly affect the whole problem of allergy 
in general, is the work of Diehl and Heinichen.®^ These authors 
reported, in 1931, that using tlie mticarial test wheal, following the 
intradermal introduction of a knorni allergen, as the test object, they 
liad been able to influence by suggestion under deep hypnosis the 
actual local allergic response. In 3 subjects, 2 with bronchial asthma 
and 1 with sensitization to ascaris, it was possible to produce variations 
ranging between 21 and 81% by suggesting increase or decrease of the 
size of the wheal under deep hypnosis in comparison with the previously 
performed control test. While this work has not yet been e.vtended 
to allergic cutaneous disease, it urgently needs so to be extended and 
will go far to demonstrate the influence of the nervous system on the 
actual phenomena of allergy. 

No attempt is made here to review the extensive literature dealing 
with the neurogenous background of the typically allergic phenomenon 
of urticaria. For this reference should be had to the summary by 
Stokes, Kulchar and Pillsbury. 

Local Factors in Cutaneous Allergic Reaction, Osborne and Put- 
nam^ summarized from the extensive literature of both America and 
the Continent as part of a discussion of industrial dermatoses, certain 
significant clinical facts which can now be regarded as clinically and 
e.xperimentally substantiated with regard to the local allergic responses 

0 t le skin. It has lieen shown by BIoclP^ that the allergic state can 
be brought about by substances of a non-protein as well as of a protein 
nature, the concentration of the allergy-inducing substance is criti- 
cally important By a sufficiently large dose in the case of the prim- 
rose allcrgen,^ Bloch,®' as above mentioned, w-as able to produce an 
a ergic state in the skin of 100% of exposed persons. Allergic reactiv- 

1 necessarily a universal affair invoKung the entire skin. It 

ivhLi rather than general, and limited to a circumscribed area 
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in the performance of patch tests, this local 
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allergic reactivity is particularly important and may be confined to 
very small areas, comparatively speaking. It is in such cases quite 
useless to perform tests for sensitivity, particular!}' patch tests, at 
points remote from the site of eczematous reaction. In all induced 
allergic states resulting from contact, there is a refractory period of 
indefinite length during which sensitization does not occur; but when 
the sensitization does begin there is always a definite interval elapsing 
between the contact and the induction of sensitization which is spoken 
of as the latent period. This latter usually ranges from 7 to 10 days. 
The Continental group headed by Bloch was unable to demonstrate 
the presence of antibodies in the blood serum of patients with eczema- 
tous eruptions by the passive transfer method of Prausnitz and Kiistner, 
but other observers, such as Ramirez and Eller have claimed success- 
ful passive transfers in some cases. In such cases it is possible that 
the inhalation route and blood-stream distribution of the allergen 
claimed by Sulzberger and Vaughan*® for silk sensitivity applies. 

The importance of repeated or prolonged contact in sensitizing 
pre\aous}}' non-sensitive persons to indii'idual allergens has been espe- 
cially evident in the field of cosmetic dermatitis. Eller and Schwartz-' 
call attention to this feature of industrial dermatitis . also and state 
that such patients do not desensitize, and therefore present an especially 
difficult problem. 

The question of the influence of intermittent versus continuous local 
contact, from the standpoint of sensitizing effect, is recently discussed 
by Wolter®® in the case of a lensgrinder who showed allergic reaction 
as the result of prolonged contact with irritants, but the eruptive 
manifestations appeared only after he had, for varying periods, avoided 
actual contact with the eczematogenous agent (in this case, a turpen- 
tine substitute). From this illustration is drawn the conclusion that 
continuous contact tends to immunization or desensitization, while 
intermittent contact prevents an adequate desensitization. The sen- 
sitization appears to persist longer than the desensitization, thus per- 
mitting successive intermittent contacts to give rise to allergic eruptive 
responses which do not occur with continuous contact. Eller and 
Schwartz®' have observed this phenomenon in industrial dermatitis 
and speak of it as “hardening” by continuous contact. This “immun- 
ity” or insensitiveness (desensitization?) usually lasts only from 1 week 
to a month after contact is discontinued, and if work with the eczema- 
togenic substance is then resumed the immunizing process must be 
repeated. Wise and Sulzberger^® state editorially that they have 
repeatedly observed the same phenomenon and that it is a well-recog- 
nized factor in the industrial dermatosis of lacquer workers in Japan. 

An additional and important feature of local sensitizing mechanisms 
is not alone the allergen but the conditions under which it gains access 
to the skin. Eller and Schwartz,®' for instance, point out that friction 
not amounting to actual traumatization is an important element in sen- 
sitization induction and state that the failure of patch tests to demon- 
strate local sensitivity is sometimes due not to inactivity on the part of 
the allergen but to the fact that the patch tests, as applied, fail to simul- 
ate the conditions under which theantigenin industrial contact is applied. 

A very important element in local sensitization processes concerns 
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the hydrogen-ion concentration factor. _ Stauffer, in 1931, shoied 
that substances with a high hydrogen-ion concentration 
greater reaction than those more nearly neutral. Recently Bur^ardt 
studied more systematically than pre^nous obsep^ers the bdmmor of 
the skin under alkalinizing influences. The influence of _ alhalies in 
the induction of industrial sensitization had been reco^ized practi- 
cally but had been attributed largely to the defatting effect of alkali 
application. Burkhardt, by the developmrat of a test method, showed 
that the phenomenon is not one of depletion or removal of protective 
fat or oils, but that there exists a definite group of individuals who are 
alkali-sensitive. They are deficient in ability to neutralize alkalies 
applied to the shin, and show dermatitic response under alkalinizing 
conditions more readily than do normal subjects. Among non-eczem_a- 
tous persons only 8% have a deficient alkali neutralizing power, while 
in eczematous individuals 90% have a deficient alkali neutralizing 
power. This is, therefore, a deficiency in physiologic defense rather 
than a true allergic phenomenon. Removal of sebum and thickening 
of the keratin layer of the skin are each powerless to modify the effect 
of this deficiency in alkali neutralizing defense. Inflammatory changes 
and age influence the alkali neutralizing defense and probably explain 
a part of the increased susceptibility to eczematous or dermatitic reac- 
tions clinically observed in those already the victims of dermatitic 
processes or in workers during tlieir later years. Burkliardt and his 
associates postulate carbon dioxid as the alkali neutralizing agent. . 
The difference in reactivity of persons deficient in alkali neutralizing 
power and those who are normal in tliis respect was e.xperimentally 
established through a study of comparative sensitiveness to nickel 
dermatitis. Thus recognized allergic phenomenon was shown to be 
directly accentuated by a deficiency in alkali neutralizing defense. 

A final very interesting contribution to the study of local skin allergy, 
as interpreted by skin tests, was made by Rackemann and Simon'** 
through the application of controls in the form of 9 standard allergic 
cutaneous tests to 60 supposedly normal non-allergic individuals. It 
is indeed surprising to note that this observer found only 30 of the 
00 patients to give entirely negative results to the 9 selected allergens 
(ragweed, horse serum, normal saline, wheat extract, orris powder, silk 
floss, cat hair, feathers and timoth5’-). Rackemann and Simon conclude 
that in clinical allergy many positive tests are obtained but few of them 
are valuable. Evidently if these observations are confirmed it must 
lie conceded that the non-specific zone of cutaneous reactivity to aller- 
gens nuist be extended far beyond the simpler criteria of obligative 
irritation due to h;\-perconcentration, particularly of organic chemical 
agents and metallic salts. 

Allergy in Non-eczematous and Non-dermatitic Eruptions, Acne- 
itorin responses and papular eruptions tending to simulate acne 
determined by the ingestion of specific foods have recently 
lieen dcsenbecl by mite.« This author, in a series of 32 cases with 
u wrcnt papular and papulopustular eruptions, points out that clini- 
ea ly tlic process is differentiable from ordinary acne by the absence of 
comedones and seborrhea and the more or less complete failure of the 
inary treatment for acne, particularly with Roentgen ray. 
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quotes Rowe as having observed similar cases. He calls attention to 
the negligible value of the usual skin tests in determining the incrimi- 
nated food allergens, and states that the Six most common offenders 
were chocolate, milk, wheat, oranges, tomatoes and nuts. The method 
of identification was that of elimination diet and the use of non-allergic 
foods. Skin tests were rated as of little value in these cases. 

Urticaria, generally regarded as a manifestation of cutaneous allergic 
susceptibility, has been examined through clinical study of fairly 
large groups of cases by Eichenlaub,''^ Menagh,^*' Criep,^® Hopkins and 
Kesten,'*^ Fink and Gay,^® Sulzberger and Rostenberg,^® and Stokes, 
Kulchar and Pillsbury.^^ Several of these authors summarize a part 
of the European literature. From these studies the somewhat surpris- 
ing conclusion seems to appear that chronic urticaria at least is not 
solely a cutaneous allergic disease in a very large proportion of cases. 
At least its allergic status cannot be determined satisfactorily by the 
conventional tests. Patch tests are generally accepted as of no value. 
Intradermal and scratch tests yield varying proportions of positive 
results. Eichenlaub rated 40% of his cases as due to food; Hopkins 
and Kesten apparentlj'’ found foods of minor importance, for of 200 
cases only 4 involved general food allergy, 13 involved the taking of 
individual specific foods and 15 presented complicated combinations of 
what seemed to be food sensitivity with other exciting factors such as 
cold. From the general picture of the background of urticaria afforded 
by the various studies mentioned, it appears that urticaria is “a disease 
of complex rather than single causation.” Familial predisposition, 
gastro-intestinal malfunction, gall bladder and biliary tract disease, 
focal and intercurrent infection, were conspicuous elements. Positive 
reactions to scratch tests were obtained in 64% of 28 cases in the 
Stokes, Kulchar and Pillsbury series,*^ but the exclusion of substances 
to which the patient gave a positive scratch-test reaction and elimina- 
tion diets were conspicuously unsuccessful- as therapeutic measures, 
at least when used alone. Sulzberger and Rostenberg^® rate all forms 
of skin tests as of very little value. Their account of the etiologic 
background emphasizes drugs as urticariogenic agents, including the 
salicylates, iodids, bromids, barbiturates, morphin derivatives, phenol- 
phthalein, ipecac, antipyretics and analgesics and arsphenamins. In 
their opinion the majority of urticarias are not of an atopic nature. 
Fink and Gay^® followed 170 cases from 2 to 10 years, finding 15% 
with an allergic personal history, 28% with a positive family allergic 
historj’-, 27% negative to skin tests, and most of the positive skin tests 
obtained to be of problematic significance. They classified their 
material into etiologic groups, giving the allergic classification a rating 
of 20%, as compared with 30% attributable to foci of infection, 18% to 
the psychogenous factor, 5% to the endocrine, and a residue of 25% 
to undetermined etiolog 3 ^ In the discussion of this paper Vander Veer, 
Rackemann, Sulzberger, Cohen tended to stress drugs. G. T. Brown 
emphasized disorders of the gastro-intestinal tract associated with 
hj^poacidity and abnormal intestmal flora which might be interpreted 
as having some allergic bearings, and added quinin and ipecac to the 
drug factors. He stated that he had observed sensitization to grass 
pollen and orris root without hay fever, to be responsible for urticaria. 
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Gay in closing tlie discussion stated that eggs, milk and wheat were 
the chief food offenders, and atophan should be included among the 


offending drugs.- „ , t • j 

While purpura and erythema multiforme have been recognized 
for some time as having in some instances an allergic background, 
Eyermann^® has recently reported 18 patients in whom purpura^ fol- 
lowed the deliberate ingestion of food. Skin tests in 10 patients 
indicated the offending food in 6. A considerable range of associated 
allergic manifestations and etiologic foods is described, with egg, milk, 
wheat, chocolate, beef, potato, oatmeal, string beans and pork leading 
the list in order of frequency. 

SJdn Tests. The past several years have seen a curious cornbination 
of extension, better differentiation in methods, and greater distrust or 
more conflicting results in certain methods of skin testing.^ In general, 
the tendency has been, so far as dermatologic practice is concerned, 
toward a decline in the use and acceptance of scratch tests^ for the 
recognition of cutaneous allergic states, and a growing emphasis on the 
patch test of Jadassohn and Bloch, popularized in the United States 
through the work and lYritings of Sulzberger, Wise, Peck and others. 
Jadassohn’s original observations on the patch test phenomenon appar- 
ently date to 1895, and a full account of the procedure as developed in 
the clinics of Jadassohn and Bloch is given by Sulzberger and Wise®^ 
for the American literature in 1931. The immense importance of the 
patch test for industrial dermatology has been emphasized by Osborne 
and Putnam,®® and by Eller and Schwartz,^^ in their extensive studies. 
It is interesting that Downing and Welch’s®® review of the literature 
of industrial dermatoses for the 10 years preceding 1932 contains no 
mention whatever of the recognition of the etiologic agent by patch 
test, the taking of a careful history and familiarity with the technical 


processes of various industries and the risks to which workers might be 
e.xposed, constituting the larger part of the diagnostic armamentarium. 
■_ The literature of the past several years has brought out a number of 
interesting and important points with reference to the selection of test 
methods and the value of particular types of test in the detection of 
allergic phenomena by w'ay of skin or invohdng the skin as the shock 
structure. The patch test was regarded bj^ its originators as primarily 
a test for epidermal sensitiveness, and hence of particular significance 
m eczema, as defined by European investigators. It was not expected 
to yield significant returns in urticaria, for e.xample, in wdiich the shock 
structure is vascular rather than epidermal. As between scratch and 
rntradermal tests, Sulzberger points out that the intradermal test is 
one for tlie 's^ascular shock structure and is, therefore, relatively inappli- 
cable to the detection of the etiologic factors in contact dermatitis or 
eczema. Bloch insisted from the start, however, that the scratch 
method should likewise be regarded as a test for sensiti^'eness of the 
vascular tissues and stated that it was of little if any value in testing 
for tlie liypersensitivitj' underlying the eczemas of adults. Rowe, 
however, points oiit that the well-performed scratch test has great value 
ni specific sensitivity to food— a conclusion suggested by 

Bloch’s view that the scratch test is of use in identikUng the vascular 
tissue as the shock structure, influenced by blood-borne (and thus often 
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increased if the results are negative. Patch tests should, as previously 
noted, be performed at or near the site of the dermatitic or eczeiuatous 
eruption under study. Following the removal of the patch. Peck . 
states that it is desirable to ivait 5 to 10 minutes before attempting to 
read the reaction. A mild reaction according to this author is to be 
regarded as significant if it recurs repeatedly. The time during 
the patch should be kept in contact with tbe skin has been gradually 
lengthened by the observations of various investigators, until it may 
now reach a period of days or even weeks. The majority of patch 
tests are, however, read in 24 to 48 hours. Delayed reactions may 
occur in from 4 to 7 days after removal of the patch and are significant 
(Peck). Positive tests should be repeated within a naonth (Peck). 
A patch test previously performed, resulting in a positive reaction 
which has subsided, may be observed to flare up upon a repetition of 
the test at some other and even a quite distant site (nickel — Cormia and 
Stewart,^^ and arsphenamin) . Patch tests performed with high con- 
centrations of chemical allergens or irritants in highly sensitive indi- 
viduals are capable of producing violent and extensive cutaneous reac- 
tions. Caution and experience are, therefore, required in their use. 

Important New Groups of Irritants Studied and New Lists. It is 
proper to remark at the outset of any consideration of this topic that 
the number of the substances capable of inducing allergic manifestations 
in the human skin is legion, and grows from week to week and month 
to month as medical literature rolls from the presses. It is impossible 
to avoid editorializing on the implications of this flood of reports on 
allergic reactions to every imaginable substance. Nothing would seem 
to point more clearly to the belief that something more than a growing 
complexity of industrial processes and a multiplication of obligative 
irritants is at the bottom of this extraordinary popularity of contact 
and other forms of allergy. There is a good deal to suggest both in 
the hereditary background of allergic manifestations of the atopic 
tjT^e and in consideration of the neurogenous, focal infection, and other 
influences which set the stage for the allergic drama, that human beings 
are becoming more sensitive as "total persons,” and that allergy is to 
some as yet unknoum extent, a disease of ultracivilization. It is 
impossible to summarize completely the contributions in tire field of 
new allergens. Several authors, however, among them Weber,®® Down- 
ing and Welch,®® Eller and Schwartz,®^ Senear®® (woods), Balyeat®« 
(cosinetics) have developed valuable lists, to which reference may be 
j|ad in attempting to identify’- responsible substances. To Weber’s 
hst of 121 reported plant excitants published in 1930 may be added 
aclditional reports by Goldstein®^ of chrysanthemum leaf dermatitis, 
vinkel and Balyeafl® of lettuce dermatitis in a salad maker, cases due 
to tlie common weed, tansy (Greenhouse and Sulzberger®®), the impor- 
''l-K '^'^tributed group of weeds of the genus Helenium 

dermatitis reported by 
1 ^'yacmth bulb dermatitis reported by Johnson,®® and Osborne, 

T ’"eluding sensitivity to 

a, tulip petals, Boston fern, wandering .Jew, and a particular 

a^no?-mt?'’ V report deals with a contact eczema from 

a non-antigemc hjioul sulistance in the leaf of the bleeding heart. 
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Rag^veed dermatitis lias recently come into prominence through the 
report of Brunsting and Anderson®® dealing with 18 proven cases due 
to the oleoresin from the plant. Senear’s study of woods remains the 
most authoritative and complete to date with complete lists and a 
discussion of the literature. Wood extracts as factors in leather der- 
matitis are discussed by Berman.’® In the field of cosmetics, Hoffmann 
and Peters®® identified methyl heptin carbonate in a facial cream as the 
active e.xcitant, and Baer^® identified the same substances as responsible 
for lipstick dermatitis. Lash-Lure, reported on several occasions as 
responsible for severe dermatitis, was recently charged by Forbes and 
Blake^’ with a death which Wise and Sulzberger analyzed, however, 
as probably due to intercurrent profound infection for which the dye 
dermatitis merely paved the way. Kulchar^® reported contact sensitive- 
ness to the anesthetic “avertin’’ (tribrom-ethanol) in an anesthetist. 
Examples of allergic reaction to heat and cold continue to multiply, in- 
cluding the reports of PauP® and Levine.®’ Wise and Sulzberger state 
that urticarial reaction to cold is often a familial disease. Bartels®® and 
Richter®® have recently described excellent examples of heat urticaria. In 
the latter case, complete cure Avas obtained by subjecting the patient to 
slight degrees of heat with gradual increase, In addition to the general 
cataloguing of sensitivity to chemicals, attention should be drawn 
particularly to nickel dermatitis, for nickel is so universally a factor in 
everj'day life, that sensitivity to it has real significance for the ordinary 
case, especially in dermatitis involving the spectacle contact areas of 
the face (“white gold” contains nickel), and eczema of the hands. 
The characteristics of this, perhaps the only metal sensitization thus 
far recognized, have been studied in this country by Goldman,®® Fox,®® 
and particularly by Cormia and Stewart,’® The latter investigators 
conclude that while in man the phenomenon is generally allergic 
(Burckhardt also) it cannot be induced as a true allergic state in the 
guinea pig. Among other chemical irritants, Osborne, Putnam and 
Saunders®® emphasize the importance of soaps and the sulphonated 
oils used in their preparation. VanVonno ct alP have pointed out 
that in 28 cases of bakers’ eczema, a part at least of the sensitivity is 
not to the wheat, but to the ammonium persulphate frequently present 
in the flour. The importance of the careful and detailed analysis of 
complex food products, occupational irritants, etc., is emphasized and 
even ingested anilin dyes have been incriminated by Baer®® Avhen used 
as coloring matter in foods. 

.4 number of special allergy-inducing agents have had intensive 
study recently. Among them should be included silk, rubber, leather 
and rhus, or ivy poisoning. 

Bill:. Growing interest is manifested in the relationship of silk 
sensitivity to atopic eczema (neurodermatitis disseminata). Figley 
and Parkhurst®’ have recently reported 5 cases of atopic eczema in 
wdiich the major sensitivity was due to silk, and in which the reagin 
could be demonstrated. All 5 patients had other manifestations of 
atopy, involving the respiratory tract, and all but 1 reacted to other 
inhalants besides silk. The authors believe that in atopic eczema silk 
e.xerts its effect as an inhalant rather than as a contactant. The 
authors indeed belicA^e that inhalants play as great or perhaps a greater 
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role than ingestants, in the complex etiologic background of atopic 
eczema, and quote the case of Rattner and Pusey,®^ m which a neuro- 
dermatitis in a young man was definitely proved to be due to the 
perfume used by his wife. Sulzberger and Vaughan^ also subscribe 
to this point of view, and believe that inhalants and the respiratory 
route of absorption deserve further study m the_ pathogenesis of atopic 
dermatitis, urticaria, and some forms of infantile eczema.. They feel 
that allergen-free rooms are just as essential as elimination diets in the 
treatment of these problems. They have furthermore experimentally 
proved the inhalation of allergens, such as silk in particular, can cause 
a definite exacerbation of atopic eczema; and conclude that the elimina- 
tion of, or hyposensitization with inhalant substances combined with 
the elimination of, or hyposensitization with food allergens is necessary 
before reaching the conclusion that a positive skin test is of no clinical 
significance in atopic dermatoses. Taub and Zakon^® have not been 
able to confirm Sulzberger’s observations that nearly all patients with 
atopic dermatitis give a strong reaction to silk, and show the reagins 
to this substance. The authoi-s have made several thousand tests 
with silk proteins in hay fever, asthma and various dermatoses, with 
such a large percentage of negative results that they conclude that 
Sulzberger’s silk protein may have been at fault or contained histamin. 
It is noteworthy, however, that in the detailed histories of 7 patients 
on whom they reported 3 cases were shown to be definitely sensitive 
to silk, and responded beneficially to its complete elimination from 
the environment. • Furthermore, Taub,®® in 1930, reported 105 reac- 
tions to silk from the practices of 60 allergists. Its etiologic significance 
was proved in 27 patients, 22 of whom had eczema, 4 urticaria and 
1 asthma. From these papers we can conclude that silk is definitely 
to be reckoned with in the investigation of patients with atopic eczema, 
even though its instrumentality may be proved in a relatively small 
proportion of patients. Nevertheless, the recognition of its influence 
is of distinct aid in the evaluation of a problem which hitherto has 
yielded such comparatively poor therapeutic results. 


Ihihbcr. While the dermatitis produced by contact with the chemical 
substances used in the manufacture of ordinary rubber goods has been 
long recognized, it is not generally known that the finished products 
such as rubber gloves or condoms may give rise to contact eczema. In 
a detailed case of a physician who developed a vesicular eczema following 
the use of both rubber gloves and condom, Obermaj^er®^ reviews the 
chemistry of tlie manufacture of rubber, and enumerates the substances 
which are eczematogenic. In the particular patient under discussion 
the mstrumentahty of crude rubber, the chemical substances employed 
m the manufacturing of ordinary rubber goods and ordinary rubber 
goods themselves were eliminated, and it was assumed that the irritat- 
ing agents were formed during tlie process of cold cure vulcanization. 
Schwartz and Tuhpan®® review an outbreak of dermatitis that occurred 
among S workers m the manufacture of sheet rubber goods. The new 
rubber jwoducts contained three accelerators and an antioxidant Four 
of the o patients mvestlg^ated by patch testing reacted to accelerator \ ' 
hicli consisted essentially of tetramethylthiuram disulphid. One 
p. ticnt w as sensitive to all the accelerators, as well as to the anti- 
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oxidant. Accelerator A has been previously implicated as. a cause of 
dermatitis by Kindel and Hayliurst.®® Oberma 3 'er enumerates all of 
the accelerators which have been reported to be the cause of dermatitis. 
All are of complex chemical nature, such as hex.ylmethylenetetramin, 
which commonly produces a dermatitis knoAvn as “rubber itch.” This 
accelerator is responsible for so much trouble that its use is being dis- 
continued according to Eller and Schwartz. Sulphur is also used 
extensively in the manufacture of rubber and consequently' this sub- 
stance and its derivatives must be taken into consideration in any 
attempts to determine the etiologic agent in the production of a der- 
matitis due to rubber. The recent report of liattnei"'*' on sensitization 
to a rubber condom leads one to believe that rubber sensitivity is 
probably' more common than recognizer!, and apart from the rubber 
industry', leads to an investigation of the possible instrumentality' of 
rubber, especially in the form of gloves among physicians, housewives 
and other occupations requiring protection of the hands. Dermatitis 
of the eyelids traced to the rubber covering of eyelash curlers has 
even been reported. An interesting review of cy'elid contact dermatitis 
was made by Hollander and Baer.®* 

Leather. Beerman^^ has revicAved the factors invoh'ed in the pro- 
duction of leather dermatitis with particular reference to that induced 
by contact with leather hatbands. The relatively low incidence of 
dermatitis dye to leather suggests the prominent role play'ed by indi- 
vidual susceptibility' and the influence of the predisposed background. 
It is interesting to note that cases have been reported from shoe leather, 
leather wist-watch bands, leather jackets and leather gloves, as Avell 
as a predominant number of cases from contact with the hat band. 
As Avould be anticipated, the manufacture of leather is highly' complex, 
involving preliminary preparation of the hides, tanning with vegetable 
tannic acids, quebracho extract, sumac and chestnut as well as synthetic 
tanstuffs manufactured from phenol and hy'ch’ocarbons. Subsequently', 
the leather is subjected to treatment by various dyes, fipishes and 
binders. The author was able to trace one of his cases to sensitization 
to the synthetic tanstuff and another to the A'at dye. The author has 
inA'estigated and illustrates by cases the interplay of the multiple fac- 
torial background of leather dermatitis, and believes that fungus infec- 
tions probably' predispose to leather dermatitis through poly'valent 
broadening of the sensitivity'. Conversely an allergic (leather) der- 
matitis may' predispose to or reactivate a fungus infection as has been 
investigated and elaborated by I’iTiite and Taub.*® 

h}/ (Rime) . Although the instrumentality' of plants in the production 
of a sensitization dermatitis has been discussed aljove, special attention 
is directed to ivy' because of the ubiquity' of the plant and the high 
percentage of persons who are susceptible to it. Spain, Coca and 
hlacNair®® have shoAra that 60% of persons react to poison ivy, this 
figure only being exceeded by' the 80% aa'Iio are allergic to Ascaris. 
GoAA'en®® has recently' rcA'icAved the prevention and treatment of Rhus 
toxicodendron poisoning and elaborates in detail the various methods 
of treatment AA'hich he has found successful. A unique method of 
immunization has been proposed by Maisel,®‘ avIio advocates the direct 
application of gradually increasing doses of an extract of poison iA'y by 
means of the daily' bath. 
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Treatment and Recovery Factors. The treatment and recovery fac- 
tors involved in the allergic dermatoses furnish problems of extia- 
ordinarv complexity. From the controversial _ cross-currents of the 
literature of the last several years, the possibilities and impracticahties 
of a number of modes of treatment can easily be recognized. A^ith- 
dra-wal of the offending allergen, the logical mode of attapk, is conhnecl 
in its usefulness to comparatively simple problems in winch one or two 
contact agents can be eliminated either by removing the worker last- 
ingly from his contacts or displacing the offending substance m the 
industry. In everyday life, however, it is increasingly evident that 
sensitivity is at least as often if not more often polyvalent than mono- 
valent, and one confronts therefore the necessity for removing the 
patient from a series of contacts which may hamstring hun in the 
ordinary conduct of life. The disconcerting trick of an individual 
allergen, particularly one involving an infectious agent, of “broadening 
the base” or inducing polyvalence against the patient’s constitutional 
background or allergic habitus, still further complicates the situation. 
In the most discouraging example of cutaneous multiple sensitivity, 
namely, the so-called neurodermatitis disseminata (sjmonymous for 
many with the eczema phase of the eczema-asthma-hay fever complex 
and with the exudative diathesis and “diathetic” eczema), careful 
observers, as for example Sulzberger and Rostenberg,"^® have finally 
yielded to the clinical practicalities in the case and have recognized 
that little short of life under a continuous process of elimination diet 
and incarceration in allergen-free rooms is possible for the atopic tjrpe 
of individual if the therapeutic problem is approached solely from the 
allergen elimination side. The impossibility of the situation was earlier 
pointed out bj’’ Stokes®- in a discussion of the treatment of diathetic 
eczema. Sulzberger and Rostenberg voiced the clinical experience of 
a number of dermatologists and allergists that many strongly positive 
reactions in the atopic individual are not necessarily of etiologic sig- 
nificance in his eczema or neurodermatitis, and this, with their poly- 
sensitivity, reduces the therapeutic problem ad abstirduvi. 

Granted then that when the number of allergens is sufficiently small 
and tliat they are indiiddually removable from the patient’s everyday 
life, the results may be highly satisfactory, the next question is raised 
when such antigens must or will be restored to contact with the patient. 
This concerns the possibilities of desensitization. Here again, conflict 
of opinion is notable. In the first place the mechanism of sensitization 
IS not as yet clearly understood even in its local manifestations in 
contact dermatitis. Aside from the factorial interplay previously dis- 
cussed, the actual phenomenon is involved in problems of “silent” 
sensitization (Bloch, quoted by Beerman^®) and by the problems of a 
refractory, a latent, and a reaction period (Sulzberger and Wise®®), 
winch mp' range individually and collectively from hours to years 
under influences which are by no means defined as yet. Opinion on 
tile possibilities o{^ desensitization is pessimistic. While it is widely 
assumed that continuous or frequent contact with high concentration 
tends to sensitize, the observations of Eller and Schwartz®^ on industrial 
dermatitis lead them to tlie belief that it is continuous contact with a 
local allergen whicli results in a measure of desensitization sufficient 
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to enable the worker to “harden” to the requirements of the industry. 
Similarly one finds Wolter,^^ above quoted, presenting a case to illus- 
trate the effect of intermittent rather than continuous contact in 
producing local sensitization. Frulnvald’s®'* questionnaire quotes Hax- 
thausen, Kranz, Mayr, Urbach and Vohwinkcl and Schmidt as rating 
desensitization procedures as unsatisfactory. Sulzberger and Wise®'"’ 
editorially limit the practical use of .specific hyposensitization to der- 
matoses produced by certain oils and secondary fungus eruptions, but 
speak hopefully of the future. In view of the general differences of 
opinion as to mechanism and results in the entire field of desensitization, 
it is not surprising to see e-xperienced observers such as Osborne, Putnam 
and Rickloff®“ in disagreement with Sulzberger and Wise®^ as to the 
therapeutic possibilities and value of desensitization procedures in the 
field of fungus-excited eczema and dermatitis. Even the latter found 
that while desensitization coiild be accomplished with trichophytin in 
15 out of 18 highly cooperative patients, its value as a lasting protective 
procedure was questionable and uncertain. Even in the field of vege- 
table oil dermatitis, Gowen^° found that all the available methods of 
desensitization, against Rhus ranging from chewing of the leaves to daily 
baths (see also Maisel,®‘ above) and intramuscular injection of the almond 
oil extract conferred an immunity ranging only from 1 to 2 years. Evi- 
dently, then, the problem of desensitization as a therapeutic technique 
does not reach its all-time low in the atopic constitution alone, but is a 
method of que.stionable usefulness in all fields of cutaneous sensitivity. 

The problem of the influencing of the allergic state with reference 
to the skin by dietary measures is receiving increasing attention, and 
with it, as may be expected, some paradoxical and conflicting experi- 
ences. Within this field one observes as in other problems in allergy 
a "specifist” group and a “non-specifist” group of opinions. To the 
specifists belong the efforts to recognize and treat underlying allergic 
factors by elimination diet (Rowe, C. J. 5VIiite, for example). Many 
students of infantile eczema, especially among pediatricians, lay 
emphasis on the importance of food exclusions in the control of the 
eczemas and eczematoid dermatitides of infancy, and it seems probable 
that during this relatively uncomplicated stage of the development of 
the human being, the simpler tj^pes of food sensitivity and the elimina- 
tion of specific food allergens reach their greatest effectiveness. On the 
other hand, in the critical study of egg-white sensitization, seemingly 
one of the most direct and simple of food allergies involving a cutaneous 
shock tissue, Woringer®® on the one side contends for the importance 
of allergy to egg-white in the eczemas of infancy, while Sallenbach,®** 
Peck and Salomon,^ Nitschke,*®® Hill and Sulzberger’®* point out from 
various angles the inconsistencies upon which this earlier opinion is 
based, and the probable relative unimportance of egg-white sensitiza- 
tion as determined by cutaneous tests in the diet-induced eczemas of 
human beings. This illustration at least furnishes abundant discussion 
material for the atopic and the non-specific background of what were 
formerly rated as specific cutaneous allergic phenomena. 

Urbach,^® in his recommendations for the general management of 
nutritive allergic dermatoses, points out that proteins are the most 
frequent offenders but that carbohydrates, fats, salts, acids, spices 



dermatology And sypNilology 


SS0 


and etberic oils may function as such. Pronounced distaste for a 
certain food is an important symptom. An overdose of the food m 
question may establish the relation. The only diet which Urbach 
concedes to be practically free of nutritive al ergens is one of pure 
sugar, of which he gives 300 gm. per day in a weak tea for a 2-day period 
with the patient in bed. The usual successive single or simple food 
additions are made to this non-allergic diet, at 24-hour mtervals, 
proteins bemg first employed, followed by carbohydrates, mts and the 
other above-named food elements in successive groups, Urbach reqom- 
mends as a means of saving time the use of “ propeptans,” taken -j hour 
before the meal at which the foods will be ingested. If the ingested 
propeptan protects the indiiddual against the particular food ingested, 
improvement occurs within 3 days and successive elimination of the 
propeptans used serves to identify the particular propeptan which is 
protecting the patient and which corresponds to the protein that acts 
as his allergen. Desensitization to the recognized allergen may follow 
the use of graded but exceedingly small doses of the incriminated sub- 
stance, these doses being of the order of 1 drop of egg-white to J liter 
of water at the start. The complexity of these methods is evident in 
the description and as in the case of the Rowe elimination diet will 
make their practical applicability under the home conditions of most 
patients very difficult. This is a general criticism of attempts to deal 
with polyvalent food sensitivities, so that between the uncertainties 
and at times non-specificity of cutaneous tests for food allergens and 
the complexities of elimination dieting, the average patient is apt to 
be limited to an exclusion of the principal offenders as detected by skin 
tests, plus those indicated by an inquiry into food dislikes and clear- 
cut food upsets and gastro-intestinal reactions. 

Gerson,-^ whose contributions to the salt-free dietary treatment of 
cutaneous tuberculosis are well known, takes, in part on the basis of 
personal experience, an exceptionally broad view of the many mechan- 
isms involved in persons presenting what appear to be nutritive allergic 
manifestations. He points to the fact that not only must the specific 
allergen be eliminated, but that attention must be given to defective 
detoxicating power of the liver, its effective capacity for forming anti- 
bodies, pathologic modes of splitting up the protein molecules, height- 
ened permeability of vessel walls and altered reactivity in a changed 
nervous system. He emphasizes that the totality of the allergic con- 
stitution must be taken into account. This article, exceptional in its 
breadth of viewpoint with respect to the complex mechanism of allergic 
plmnomena should be read in its entirety. Gerson points out that the 
wthdrawal of a single antigenic substance may alter the balance 
bctv\een non-specific and specific factors in a way to bring about 
recovery even though otlier elements may be completely overlooked, 
i atients from whom salt has been long witliheld will become more 
sensitive to Roentgen ra5's and aspirin and less susceptible to infections. 
His particular formula for the dietary study and treatment of patients 
m V Iiom this portal of entry of allergens is suspected includes an ex- 
tremely low salt intake, no animal protein in the first 5 to 7 weeks 

Tw TfS and meat soups, milk, eggs, fish and legumes,’ 

a lov intake of carbohydrate and a high intake of fluid. The diet is 
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purposely made exceptionallj>- ricli in potassium, calcium and vitamins, 
and moderately rich in fats. Spices, condiments, tea, coffee and coli'ee 
substitutes, chocolate, cocoa, alcohol and tobacco are forbidden because 
of their irritative effects on the vegetative nervous system, which 
prepare the way for allergens to take effect, h'or a regime of this sort, 
Gerson claims a sloAV but definite desensitization which the author 
rates as non-specific in character. Gerson apparently observed the 
homologue of the situation described by Woltcr in which certain specific 
responses to antigens do not appear until the general allergic state 
improves through the elimination of the larger part of the incriminated 
antigenic substances. 

Among other more or less non-specific desensitizing measures, using 
the alimentary tract, one may note the now more or less familiar 
employment of hydrochloric acid by mouth, based on the fact that a 
considerable proportion of allergies exhibit hypochlorhydria (alluded 
to by Brown^®); high vitamin intake, especially of A and B, referred to 
by iVliite'’'* and Redaelli,^®- and skeptophylaxis. Cornel'®* felt that 
vitamin D, through its effect on calcium metabolism and fixation favor- 
ably influenced eczema in general. In connection with the attempt to 
use vitamin B carriers in the treatment of eczema, sensitivity to wheat 
must be borne in mind and also sensitivitj’’ to yeast as recently described 
by Biederman.'®' Skeptophylaxis, alluded to by White'*' and Urbach®* 
consists in a species of Bezredka or antianaphylactic efl'ect obtained 
through the gastro-intestinal tract by administering a minute amount 
of the suspected food f hour before the taking of larger quantities as 
part of the meal. This has a definite immediate protective effect, and 
if persisted in, is rated bjf Urbach as a valuable method of permanent 
desensitization. 

Preventive Measures in Industrial Dermatitis. The increasing re- 
sponsibility placed on or assumed by industrial concerns for the occur- 
rence of industrial contact dermatitis in their employees makes par- 
ticularly important the recommendations of Dooming and Welcli®® 
and Eller and Schwartz,®* based on a review of the literature and 
experience regarding preventive technique. The former authors em- 
phasize easy and accessible consultation with the plant chemist, the 
maintenance of the workmen in a state of physical and mental well- 
being, frequent inspection of the employees with immediate removal 
of those reacting to an irritant, and attention to the hygienic conditions 
of the place of employment. Informal discussion of industrial der- 
matoses 'witliin the Reviewers’ knowledge too often brings out a dispo- 
sition to secrecy and non-cooperativeness on the part of manufacturing 
and industrial interests which can only react to their own disadvantage. 
Eller and Schwartz in great detail point out that many processes involv- 
ing injurious chemicals can be totally enclosed, the raw materials being 
sucked up into reservoirs from which they flow into retorts and tanks, 
merely by the turning of a valve. The finished products may be 
barreled without the worker’s having come in contact with anj"^ of the 
intermediates of the manufacturing process. The worker may in some 
cases be protected against irritating substances by wearing suitable pro- 
tective clothing such as rubber gloves, aprons, masks and goggles, and 
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by the application of protective ointment such as has been described 
by James.^“® The actual elimination of unessential, strongly eczema- 
togenous chemicals is being carried out It is_ important that new 
workers be carefully examined before being received mto an industry 
for evidence of predisposition, especially where tlie dermatitic hazard 
is high. In the factories where synthetic dyes and complex organic 
compounds are manufactured, new applicants should be patch-tested 
to the chemicals with which tliey will be called upon to work, and those 
found to be Ji3persensitive rejected. There should be periodic routine 
examinations of the workers in search of those who have skin and other 
ailments (especiallj'skin infections J.H.S., V.C.G.) and these should have 
prompt attention. 

Eller and Schwartz emphasize the importance of proper ventilation 
of work-rooms. If the irritating gas or dust is sucked away from 
workers there will be fewer cases of dermatitis. Exhaust hoods should 
be placed over processes giving rise to irritating dusts or gases. Floors 
should be washed at the end of each shift to remove dust. Cleanliness 
should be emphasized. Shower baths and lockers should be provided, 
and their use should be obligatory; ivork-clothing should not be worn 
•to the street or for everyday purposes; the furnishing of clean work- 
clothes may prove an actual economy. This is particularly true where 
oils are used in industrial processes, and helps greatly to prevent oil 
furunculoses and acne. 

The legislation involved at the present time is not uniform in different 
states, and model compensation laws should be drafted after proper 
study. The use of expert testimony is subject to many abuses, and 
for that reason it is particularly recommended by Eller and Schwartz 
that compensation boards be composed of or guided by the opinions 
of an impartial group of state-paid phj'-sicians, totally divorced if 
possible from politics, and chosen for their familiarity with industrial 
processes and industrial diseases. Physicians obliged to deal with 
industrial cases should be made familiar with the compensation laws of 
their own state, together with the more important decisions of the 
higher courts. 

John H. Stokes, M.D. 

Vaughn C. Garner, M.D. 
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^ Chemofropism of Le^ocytes in Relation to Their Rate of Locomotion. 
11. Al. DrxoK and M. ]McCnTCUEON (Laboratory of PatholoRv. Uni- 

chemotropism of leukocytes is under- 
ood a directional response on the part of the cells, which move toward 
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a source of attraction (if the response be positive), instead of moving 
at random, as is the case in the absence of an attracting body. Whether 
a leukocyte reacting cheniotropically travels faster than one moving 
at random, that is, whether chemotropism lias not only a directional 
but also a velocity component, appears not to have lieen decided. In 
order to answer this question, experiments were made vifro with 
human neutrophils. Leukocytes Avere obserxed with the microscope 
and, with the help of a draxving ocular, their paths were recorded on 
paper. From these records the rate of locomotion was computed, first, 
for leukocytes moving toward baeteria (or other attracting bodies) in 
the same microscope field, second, for leukocytes moving in parts of 
the same preparation so far distant from bacteria that their locomotion 
was at random. The sources of attraction used were S. aureus, S. albus 
and collodion particles (of about the size of bacteria). Leukocytes in 
the A'icinity of each of these kinds of particles xverc strongly attracted 
by them, but their rate of locomotion was no greater than that of 
cells moving at r.andom. For example, the mean rate of locomotion 
of leukoc^'tes moving toward collodion particles was 35 microns per 
minute; for cells moving at random the rate was the same. It is 
concluded that the chemotropic response does not involve increase' in 
rate of locomotion. 


A Critical Study of the Sullivan Method for the Determination of 
Cystin.— Jame.s C. Andrews and Kathleen C. Andrews (Laboratory 
of Phj'siological Chemistry, University of Pennsylvania). The cause 
of the increase jn apparent cystin content of aging cystinuric urines, 
as determined by the Sullivan method for cystin, has been traced to 
atmospheric oxidation of certain urinary constituents which markedly 
inhibit the formation of color in the Sullivan method. These con- 
stituents are, as a rule, substances xvith strong reducing properties. 
Ascorbic acid (vitamin C) is one of these constituents but is responsible 
for only a comparatively small proportion of this inhibiting effect on 
the development of color in the Sullivan method. A further search is, 
therefore, being made to determine the identity of these other urinary 
constituents. While they inhibit color formation in the Sullivan 
method they do not reduce dichlorophenol indophenol as does ascorbic 
acid. The original hypothesis of Brand and coxvorkers, who postulated 
that part of the cystin excreted by the cj^stinuric is in the form of an 
easily decomposed complex, must therefore be discarded. 

Examination of a large variety of compounds to determine their 
ability to inhibit the formation of color from constant amounts of 
cystin has yielded the follmving results. The most effective inhibitors 
are such reducing agents as ascorbic acid, adrenalin, hydi’oquinone, 
pjTogallol, diamidophenol (photographic developers in general) and 
tannic acid. Hydrogen sulphid and certain cyclic derix'atives of cystin 
(such as cystin hydantoin), ivliich readily produce soluble sulphids 
under the conditions of the Sullivan method, are equally effective. It 
is obvious, therefore, that the loAver results for cystin given by the 
Sullivan method, as compared with other methods, and which have 
been attributed entirely to its greater specificity, may often be due to 
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its failure to produce a proportionate amount of color in the presence 

of these inhibitors. , ™ . , • , 

A further class of substances, while effectn^e only in larger amounts, 
are capable of producing erroneous results in the determination of 
cystin These include the simple aldehyds, the sugars (both morio- 
and disaccharids) and various supr derivatives such as glycuromc acid, 
its lactone and certain of its conjugation products. 

The observations of Lugg and of Rossouw and Wvlken-Jorden con- 
cerning the interference with the Sullivan method of certain amino 
acids when present in large amounts are confirmed. These effects, 
however, are negligible compared to those mentioned above. 

The inhibition curves of adrenalin and ascorbic acid form the basis 
of a satisfactory method of determining these substances in the absence 
of other such inhibitors. 

Factors Concerned in the Measurement of Serum Volume.— F. 
William Sunderman and J. H. Austin (Laboratory of Research 
Medicine, University of Pennsylvania). The studies demonstrate a 
marked change in the color values of vital red dissolved in aqueous 
solutions of salts of different ionic strength and ion species, with further 
alteration in the presence of serum. 

A technique of colorimetry has been developed in which two standards 
are prepared by adding dye to serum obtained from the subject before 
injection of dye, one standard. weaker than the weakest unknown, and 
the other standard stronger than the strongest unknomi. The stand- 
ards are compared in a colorimeter against a neutral tint filter, giving 
an optical density of 1 and a No. 75 Wratten filter in the lens system. 
A straight line drawn through the reciprocals of these readings furnish 
a valid basis for interpolation of reciprocals of the unknowns similarly 
read, and from tin's may be determined the concentration of dye in 
these unknowns. 

A method of using the benzidin reaction has been developed for the 
pmpose of detecting tlie presence of hemoglobin in serum containing 
vital red. 


The Reactions of Hypophysectomized Rabbits to Epinephrin.— 
C. Bachman and G. Toby (Laboratory of Biochemistry, McGill Uni- 
versity), 


Addendum. 

^ reference in Dr. Datneshek’s article (An. J. Med. Sci., 190, 017, 
1. .5o) to ^ylarth’s introduction of sternal puncture, Dr. D. N. Banerjee, of Calcutta) 
\\Titcs us: The value of puncture of the sternum in the diagnosis of kala-azar was 
announced by me prior to Scj-fartli as long ago as April, l!):i2 (sic) in the Calcutta 
. lodical .lournal (vol. 16, No. 10, p, 400) and abstracted by C. M. AVenyon in the 
Tropical D^asc.s Bulletin (vol. 20, No. 2, p. 97, 1923). The abstract runs thus: 
l.inorjoo (Dlurendra Natli) An Announcement. A Preliminarj’ Note on the Diag- 
T?ur of Bone-marrow— reprinted from Calcutta Med. 

Jour. (M, I 16 10 p 1. 1922). The author announces wh.at he regards as a 

siinplt and safe moOiod of e.vamining for leishmania in cases of suspected k.ala-azar 
by obtaining marrow from the .sternum. The anterior plate of the gladiolar portion 
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of the sternum is opened by moans of a Southey’s trochnr and material obtained 
from within the bone by means of a hypodermic syringe. He has obtained parasites 
from all the cases of kala-azar he has examined. A full report of the results of his 
investigations will be published later. C. M. W.’ ” Dr. Dameshek has made the 
following comment; “Seyfarth in his original communication (Doutsch. mod. 
Wchnsehr., 49, 180, 1923) states that he was led to use the sternal biopsy while 
working at a hospital for tropical diseases situated on the /Egean Sea. He was 
there in 1916 and 1917 and found the method of value in the diagnosis of malaria 
and kala-azar, since splenic puncture was often a dangerous method. ... If 
Banerjee’s statement is correct, it deserves some notice in the accessible medical 
literature.” 


Notice to Contributors.— Manuscripts intended for publication in the Amehic.vn 
JouHNAn OF THE MEDiCAii SCIENCES, and correspondence, should be sent to the 
Editor, Dr. Edward B. Krumdiiaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the American Journad of the Medicad 
Sciences exclusively. 

All manuscripts should be typewritten on one side of the paper only, and should bo 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying .articles should be numbered and have captions bearing 
corresponding numbers. Por identification they should also have the author's name 
written on the margin. The recommendations of the American Medical Association 
Style Book should be followed. It is important that references should be at the end 
of the articles and should be complete, that is, apthor’s name, journal, volume, page 
and year (in Arabic numbers) . Titles can be included for loss than 25 references. 

Return postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 

Two hundred and fifty reprints, with covers, are furnished gratis; additional 
reprints may be had in multiples of 250 at the e.xpense of the author. They should 
be asked for when the galley proofs are returned. 

Contributions in a foreign language, if found desirable for the Jodrnae, will be 
translated at its expense. 
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TREATMENT OF PERNICIOUS ANEMIA WITH INTRAMUSCULAR 
INJECTIONS OF A HIGHLY CONCENTRATED SOLUTION 
OF LIVER EXTRACT. 


Bt William P. Murphy, M.D., 

ASSOCIATE IN MEDICINE, HARVARD MEDICAL SCHOOL; SENIOR ASSOCIATE IN MEDICINE, 
TETBR BENT BRIGHAM HOSPITAL, BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital.) 


This report deals with tlie results observed in the treatment of 
33 patients with pernicious anemia by means of intramuscular 
injections of a highly concentrated and refined extract of liver. 
The extract, so concentrated that 1 cc. contains the active principle 
derived from 100 gm. of liver, was prepared by Dr. Guy W. Clark, 
of the Lederle Laboratories, and was supplied for the purposes of 
this study as early as July, 1934. 

Of the patients to be considered, 28 first received treatment 
when their red blood cell levels were below 3,500,000, having received 
no liver treatment for at least several months previously. In the 
majority no previous liver treatment had been used at any time. 
It lias been possible to observe 26 of these patients under treatment 
with the same liver extract during periods varying in duration up 
to^ 1 year after their red blood cell levels had reached or passed 
4 500,000 in order that their maintenance recpiirements might he 
determined. 


In addition to the 28 patients in whom treatment was begun 
during relapse, 5 others have received injections of the 1 cc. material 
for slightly more than 1 year. The 5 patients were selected because 
each had heen previously maintained on intramuscular injections 
of .> cc. (Lederle) of liver extract prepared from 100 gm. of liver 

VOL. 101, L-O. 5.— MAT, 1030 
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for from 1 to 2 years during which time their maiutenance require- 
ment was found to be somewhat greater than that of tlie average 
of the patients under observation, as preA'iously reported. It was 
believed tliat such a selection of patients would favor a more criti- 
cal test of the efficiency of the new material. 

Potency of the 1 cc. extract was demonstrated in 25 of the 28 
patients treated during relapse by means of reticulocyte counts 
made daily on all patients in so far as it was possible. Ten of the 
patients were not admitted to the hospital for treatment and it 
was not always feasible to have them return daily for observation. 
The reticulocytes were counted in dry blood film preparations made 
on coverslips coated with a dry film of 0.5% alcoholic solution of 
cresyl blue as used in previous studies.^ The effective or erythro- 
cyte-producing potency of the extract was demonstrated, as pre- 
viously advised,-'® by obseinaation of erythrocyte production during 
a period usually of 4 Aveeks folloiving the institution of therapy 
during relapse and by determination of the required amount of 
liver extract to maintain the blood in normal condition during 
sufficiently long periods of time to serve such a purpose. Periods 
of I year or longer are considered preferable for this purpose. Of 
the 28 patients first treated during relapse, 16 have been followed 
for from | to 1 year from the time the red blood cell levels had 
reached 4,500,000 and, therefore, serA’e as satisfactory cases to 
demonstrate the maintenance requirements along with the 5 cases 
reported only for that purpose. 

Results of Treatment During Relapse. In Table 1 are recorded 
data obtained in 28 patients first treated during relapse. In those 
patients in whom blood studies included reticulocyte counts the 
highest count is recorded together Avith the day following the onset 
of therapy upon AAdiich this AA'as observed. The magnitude of the 
reticulocyte response has varied considerably in the blood of the 
individuals of the groups classified according to the various initial 
erythrocyte levels, as is to be anticipated from previously reported 
observations.^ Although the amount of liver extract injected for 
treatment during relapse and the method of its use has varied 
considerably in this group, it is obvious that this has had little 
influence upon the magnitude of the reticulocyte rise, although it 
has influenced the rate of their production. 

Erytliroeyte production was slower during the first 2 weeks of 
treatment in the 3 patients treated with small daily doses than it 
was in those receiving larger initial doses, Avhereas those receiving 
minimal amounts of- material (2 cc.) during the first 4 Aveeks tended 
to produce erythrocytes less rapidly toAAaard the end of this period 
than did those AAffio received a greater amount of material, regardless 
of whether or not the material AA'as given in daily small doses ot 
larger less frequent ones. 

The rate of erythrocyte production obserA^ed in this group com- • 
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ireatea the 3 cc. material derived from cdmuarable ammmt^ 

tl e'rctuariVte of the first month. That 

actual late of erythrocyte production is slower in many of 

Frnsx 4 Wk.kb 6. Thb™. op 
xAUENTs ^viTH Intramuscular Injections of a 
. _ _ Concentrated Liver Extract. 


32 . 

13 . 

14 . 

15 . 

10 . 
17t 

ist 

10 , 
20 . 

21 . 
22 
23 ; 

24 . 

25t 

20 . 


28 


■ Peak of 
^ 1 "retie” 

^flsc ^0. , rise 

' %■ 

1 

1 Day of 
j “retie” 

; peak. 

j Initial 
! R.B.C. 

1 level in 

1 millions 
1 per 
, c.mm. 

1 . . 

0 

• • 32.1 

5 

1.08 

0 

• ■ 23,1 ) 

4 

1 1.13 

»} , 

4 . ; 

• • 34.1 
■ • 21.0 • 

= 1 

1.15 

1.27 

5 

■ • 18.0 

= I 

1.58 

6 . 

• • 16.2 

4 i 

1.60 ! 

/ 

S . . 

9 . 

10 . . 

• • 28,8- 

• 30.2 

• ■ 17.7 

■ • 10.2 , 

6 ' 

4 

5 ' 

6 

1,07 i 
1.67 ; 
1.79 1 

2.02 1' 

11 . . 

8.0 

6 

2.03 1 


Daily R B.C. increase in 
thousands during 4 'n-eeks.- 


Isfc. 2d. 


3d. 4th. 


Amount 

of 

extract 
injected 
in CD.* 


Day given. 


/ 


14C 

63 

130 

104 


150 

108 

123 

160 


90 I 102 
S3 


83 

97 

72 


96 

116 

106 

103 


68 

99 


90 

105 

133 


2.08 

2.18 


124; 78 

146 j 78 
143 I . . . 


11.5 

21.0 

4.7 

24.0 

13.1 

5.0 

7.0 

10.9 i 
“.2 

7.8 ; 

10.4 ; 

13. .5 


2.0 

5.1 


85 

87 

58 


116 ' 
65 ' 
83 : 
94 j 

88 I 

99 I 
108 i 


75 I 
85 I 


4 

4 

1 

1 

2 

1 

2 

2 

I 

1 

1 


/ 


74 


4 

' 2.36 

1 

/ 

1 108 


7 

•2,36 

1 146 

110 

90 

6 

9 

' 2.43 
; 2.04 

, 07 
! 64 

1 

j 70 
! 69 

70 

87 

6 

' 2.46 

1 

oc 

{ 

! 97 

71 

6 

6 

1 2.57 
|«3 

l-ro 

1 

j 116 

39 

120 

4 

5 

5 

I 2.73 
) 2.82 i 

I i 

54 

114 

107 

1 89 
110 
96 

SO 

... 

90 

5 

1 3.00 j 

113 

105 

73 

7 

2.09 1 

i 

0 

I 

43 

28 


3.01 j 

80 1 

S3 

47 

3 

3.23 ; 

I 

0 i 

i 

47 

00 

7 

3.36 1 

C 1 

09 

70 


61 j 

53 ! 

i 

I 

81 : 


73 

40 

104 

63 

“i 

I 

i 

53 ! 

60 i 

56 I 


2 

1 
1 

2 
1 
4 
2 
1 
1 

0.14 

0.1 

1 

2 

1 

2 

1 

2 

1 

2 

1 

0.1 


2 

1 

2 

1 




0 
0 

0-12 
1-9-12 
i 15-21-23 
; 0-1 
25' 
0-1 

: 0-1 ■ 

: 0 

0-19 
0-10 
18-25 
I 0 

; 15 

0-8-18 
I 0-1 

i 7-14-21 

I 0 

0 

' 7-14-21 

I 0-10-18 

! Daily for 
28 days 
1 Daily for 
1 28 days 
i 0-6-13-20 
0-1 

( 12 
( 0-1 
i 0-18 
0-1 

: 7 - 14-21 
i 0-1 
i 7-14-21 
i Daily for 
28 days 
0-1 

7-14-21 

0-2 

13 

O-I 

7-14-21 



600 


murphy: treatment oe pernicious anemia 


this group than the averages previously reported is no doubt due 
to the fact that tlicy received, during tlic first 4 weclcs, extract 
derived from smaller quantities of liver, that is, from 200 to 400 gm. 
However, the average daily erythrocyte increase during 28 days 
for the 9 patients whose initial erythi’ocytc levels were below 
2,000,000 (see Table 3) was approximately 92,000, as compared 
Avith 98,000 per day for a similar group previously reported,'-- and 
treated with the 3 cc. material. 


Tabi,e 2. — The Age, Time Elapsed Afteu Onset or Tueatment ron EnYTunocYTE 
Counts to Reach About 4,500,000 and 5,000.000 Levels and the Amounts 
OF Liveb Extbact Used in the 2S Patients of Table 1. 

Totnl 
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* The figures in this column indicate the total amount of liver from which the 
extract was prepared that was administered from the beginning of treatment during 
relapse to the time that the erythrocyte level reached 5,000,000 or more. 


Erythrocyte counts were made at the end of 4 weeks on 24 of 
the patients. In 17 instances the lex^el had reached 4,000,000 or 
more and in only 1 instance Avas the leA^el below 3,500,000 at this 
interA'al. In 19 instances a leA^el of 4,500,000 had been reached 
within 6 weeks of the onset of treatment and Avithin 8 aatcIvs after 
treatment was begun the erythrocyte IcA^el was oA^er 5,000,000 in 
15 instances, as shoAAm in Table 2. Failure of the blood to reach 
5,000,000 or more Avithin about 8 AA-eelcs or less (Table 2) aatis usually 
due cither to failure on the part of the patient to appear regularly 
for treatment or for blood counts at the proper interAi-als. The 
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amount of material used before reaching this level averaged approxi- 
matelv 1 cc. prepared from 100 gm. of liver each week. , 

Ten of the patients (Cases 10, 12, 13, 14, 15, 19, 21, '23, 24 and 26) 
received their initial treatment as ambulatory patients and m most 
instances continued at their usual occupations. This has appar- 
ently made little difference in the rate of improvement in most 
instances. Three cases, hoivever, warrant special comment. 

The patient shovm as Case 10 has been under treatment with 
rather large amounts of whole liver, peroral liver extract oi' ven- 
triculin since June 10, 1927. During this time and until the intra- 
muscular injections were started she has remained in a fair state 
of health but with an average erjdhrocyte count of only 4,000,000. 
The maximum level reached at any time was ' 4,800,000. She 
states that since starting the 1 cc. injections on July 16, 1935, 
she has felt better than at any time during her illness, and the 
extreme hyperesthesia of the hands and fingers, whidi made life 
miserable for her, has practically disappeared for the first time. 
The erythrocyte count has averaged above 4,500,000 since 6 weeks 
after treatment was started and has averaged above 5,000,000 for 
2 months, while receiving an injection of 1 cc. at 8-day intervals. 

Case 19 began treatment for the first time on January 24, 1935, 
as an ambulatory patient. She has continued at unusually hard 
work as a housekeeper throughout her entire period of treatment 
and U’ithout adequate rest. It is a ivell-loiown fact that rest favors 
the production of erj^hrocytes, whereas fatigue acts to slow-up 
their production. This patient has required unusually large 
amounts of material during a period of nearly a year in order to 
maintain her blood in a fairly satisfactory state (an average of 
about 4,500,000). Data concerning maintenance treatment is not 
contained in Table 3 because her treatment was changed to injec- 
tions of 3 cc. material during that time. 

One other patient (Case 13) deserves special comment. During 
her early treatment as herein recorded she developed an acute attack 
of appendicitis, was operated upon and in spite of this reached a 
level of over 5,000,000 in 16 weeks. Except during her period of 
hospitalization for the operation she continued with her duties as 
a housewife, caring for several children. 

Maintenance Requirements. Perhaps the most critical and impor- 
tant means of evaluating the efficiency of the various substitutes 
for liver is the determination of tlie amount of the antianemic 
material that is necessary in order to maintain the erythrocyte 
count at a normal level. In order that this procedure may be of 
distinct value the interval of maintenance observation should as 
stated, cover a period of time of not less than G months, and loncer 
intervals are preferable. 

The d.ata obtained in connection with tlie maintenance treat- 
ment of 21 jiaticnts by means of intramuscular injections of the 
1 cc. extract arc shown in Tables 3 and 4. 
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Table 3. — Duration of Maintenance Treatment, Interval Between Injec- 
tions OF 1 Cc. of Liver Extract Derived From 100 Gm. of Liver and the 
Average Erythrocyte Counts During the Entire Period of Ouseri'ation 
FOR 16 OF the Cases of Table 1. 



Duration of 

Average 

interval 

between 

Average 

B.n.c. 


maintenance. 

injections, 

count, 

Case No. 

weebs. 

days. 

millions. 

4 . ... . 

33 

10 

5.00 

6 . . . 

37 

10 

4.97 

3 . . . 

. . . . . 24 

17 

4.80 

5 . . 

30 

17 

4. SO 

12 . . 

25 

18 

4.87 

2S .... 

53 

19 

5.20 

2 . . . 

30 

21 

5.. 34 

7 . . . 

39 

21 

5.04 

22 . . . 

2S 

22 

4.92 

24 . . . 

39 

23 

5.05 

11 .... 

52 

23 

5. S3 

1 . . . . 

34 

24 

5.41 

17 . 

32 

25 

5,57 

23 . . . 

44 ■ 

26 

5.20 

27 . . . 

. . . . 48 

20 

5.35 

25 . . 

27 

28 

5.45 


In Table 3 are presented the data obtained in 1 6 of the 28 patients, 
first treated during relapse who have been observed for from about 
I to 1 year after the erythrocyte level had reached 4,500,000 or 
more. 

The results shown compare favorably with data previously 
obtained'* with treatment by means of intramuscular injections of 
3 cc. of liver extract derii’ed from 100 gm. of liver (Lederle) in a 
series of 89 patients treated for intervals varying from to 2| years. 
In this group the average interval between^ injections of one vial 
or 3 cc. was approximately 4 weeks, whereas in the group of patients 
whose data is recorded in Table 3 the average inter\'al between 
injections of 1 vial or 1 cc. is approximately 3 weeks. A larger 
series of cases observed over a longer interval of time might easily 
favorably influence this interval. 


Table 4. — Comparison Between the Duration of Maintenance Treatment, 
Interval Between Injections of 1 and 3 Cc. of Liver Extract Derived 
From 100 Gm. of Liver and the Average Erythrocyte Counts During 
THE Entire Period of Observation for 5 Patients. 

Average 

Initial interval Average Amount 



R.B.C. 

Duration of 

between 

R.B.C. 


each 


count, 

maintenance. 

injections. 

count. 

No. of 

injection. 

Case No. 

millions. 

weeks. 

days. 

millions. 

injections. 

in cc,* 

29 . 

. 4 68 

48 

17 

4.40 

20 

3 


4.45 

57 

15 

4.05 

27 

1 

30 . 

. 4.68 

59 

10 

4.97 

24 

3 


5.19 

59 

13 

4.74 

31 

1 

31 

. 4.82 

97 

14 

4.85 

48 

3 


4.19 

55 

19 

5.04 

20 

1 

32 

. 5.24 

S3 

28 

5.19 

21 

3 


5.19 

57 

25 

5 19 

10 

1 

33 

. 4.61 

105 

23 

5.23 

31 

3 


5.05 

58 

18 

5 29 

23 

1 


* Each injection of 1 or 3 co. represents 1 tual prepared from 100 gm. of liver 
(Lederle Laboratories, Inc.), 
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Further evidence of the similarity of the efficiency of these two 
concentrated and highly potent extracts is show in Table 4. it 
is to be remembered that these patients were chosen as test subjects 
for the 1 cc. extract because they had been found to require some- 
what more of tlie 3 cc. material than the average of the group 
treated, as described in the preceding paragraph. The interval 
between injections is essentially the same with the use of either 
extract and the average interval of 19 days for the entire period on 
tile two extracts is similar to the average interval between injec- 


tions of 1 cc. as shown in Table 3. 

In the 21 cases reported in Tables 3 and 4 erythrocyte^ counts 
have been made on essentially each return visit of the patient for 
injection. An occasional count has been missed through unavoid- 
able circumstances. It has been our aim, as in previously reported 
data,^'^'^ to maintain the erythrocyte level at or above 5,000,000 
cells per c.mm., for the cells are usually found to remain normal 
in all demonstrable respects under those circumstances. Only 
rarely, in this reported group, have we failed to maintain such an ' 
average and this failure has usually been dependent upon a tem- 
porary drop in the count caused by an intercurrent infection or 
complication which has not been talcen into account in this discussion 
in the interest of brevitjx 

Discussion. The advantages, to both the patient wdth pernicious 
anemia and his physician, of the use of a highly concentrated liver 
extract for intramuscular injection in which a high degree of potencj’' 
has been retained, so that relatively small dosage is needed during 
relapse in order to produce prompt and striking increases in the 
number of erythrocytes and which need be administered only infre- 
quently in order to maintain a normal state of the blood over an 
extract for peroral use necessaiy in large daily dosage and particu- 
larly over the use of extracts of low concentration or potencj'’ for 
parenteral use, are obvious. These advantages have been previou.sly 
stated so need no further discussion here.®“^^ 


^ ihe data presented herein demonstrate the high degree of effi- 
ciency of this newest and most highly concentrated liver extract 
whicl) lia.s ])ccn developed on a commercial scale for parenteral use. 
1 he evidence is in part based upon a comparison with a concen- 
trated extract prei'iously demonstrated to retain a high degree of 
potency.^-'' The comparison is made primarily upon the basis of 
the \aiue of the extract in producing erythrocytes in patients 
treated during relap.?e and upon its efficiency in maintaining a 
normal state of the crytlirociTcs during intervals of time varving 
from about 0 to .slightly more than 12 months. 

Little attention lias l)cen paid to the reticulocyte rise as an 
indication of the eiTectiveness of this material, for this phenomenon 
has little value in deterimning the comparative efficiency of extracts. 
Observation only of the magnitude of tlie reticulocyte rise gives 
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merely an indication of the presence of potency, but not of its 
degree of potency.” The aim of treatment of the patient with per- 
nicious anemia is to produce as quicldy as possible a normal erytliro- 
cyte count and to maintain a normal state of the blood and the 
best state of health possible for each patient.'’ The most efficient 
means of doing this is to use that form of therapy wliich will accom- 
plish the desired end with the least expense and inconvenience for 
the patient. Consequently any determination of potency which 
will be of practical value to the physician in demonstrating what 
extract is best to use because of its efficiency must be based on 
its ability to produce erythrocytes and to maintain the blood in a 
normal state (5,000,000 erythrocytes per c.mm. of blood) in a 
fairly large group of cases treated with a more or less uniform 
dosage. This has been done in the treatment of the patients as 
herein reported. 

Although satisfactory erythrocyte increases have been produced 
during a period of 4 weeks with the use of as little as two vials 
(2 cc. prepared from 200 gm. of liver) and the average maintenance 
dose has been as little as one vial (1 cc. prepared from 100 gm. of 
liver) given at intervals of about 21 days, this has not been true 
of all patients. Consequently, and because it is best to give maxi- 
mum rather than minimum amounts for the patient’s best interest, 
one should give injections of more material than that shown as the 
average unless the erythrocyte level may be checked accurately 
and at rather frequently intervals so that the dose may be varied 
as may be indicated by the condition found. 

With the use of less concentrated and less potent material it is 
obvious that Injections must be given more frequently and in larger 
quantity. Although such an extract has obvious disadvantages, 
for both physician and patient, particularly as to technique of 
administration and discomfort to the patient, a less obvious but 
important disadvantage to the patient is that of the expense. One 
cannot substitute one extract for another, vial for vial or quanti- 
tativelj% any more than different preparations of digitalis, thyroid 
substance or vitamins are so interchangeable, for the concentration 
and potencies vary. Until a system is available whereby the 
potency may be expressed in units, the safest means of assuring 
the patient of the best material is on the basis of the amount of 
potent material, efficient in erythrocyte production, which is present 
in extract derived from a luiown quantity of liver. 

The material used in this study (1 cc. derived from 100 gm. of 
liver) has been demonstrated to be essentially equivalent to an 
extract previously shown to contain a high degree of efficiency; 
that is, 3 cc. derived from 100 gm. of liver was found to have the 
erji:hrocyte-producing or maintenance potency of 30 to 50 or more 
times that of the amount of liver from which it is prepared, if that 
liver were given by mouth.® The high degree of potency of the 
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8 cc. extract has been confirned, on the basis of tl» demonstration 
of its er\i:hrocyte-producmg effect during relapse by Connery and 
Goldwater/2 and by and Connery and Goldwater, by deter- 
mination of the maintenance requirements during periods ot b 
months or more. In both studies the average mterval between 
injections of 3 be. material derived from 100 gm. of liver was 2 to 
3 weeks in order to maintain the erythrocyte levels at or near 
5,000,000 per c.mm. of blood. 

The degree of potency retained in the extract used in the treat- 
ment of the patients reported herein is further demonstrated by a 
comparison of its effect with that of other liver extracts which have 
been tested for erythrocyte-producing effect and for maintenance . 
requirement. The methods of recording data varies so much in 
the reports that no attempt will be made to analyze them in detail, 
but for further information the reader is referred to the original 
articles. Unfortunately few reports are available concerning the 
maintenance requirements of other extracts which include a suffi- 
ciently long period of observation or number of patients to give 
a satisfactory indication of the value of the extract. In analyzing 
data of this sort one must also bear in mind the importance of the 
erythrocjde levels which are maintained, for it takes an appreciably 
greater amount of material to maintain the levels at 5,000,000 or 
higher than it does to maintain them at lower levels. 

Zerfas’® observed the erj'throcyte increases during a period of 
1 month in 61 patients treated during relapse with the daily inges- 
tion of extract prepared from 300 to 1000 gm. of liver. The erythro- 
cjbe count reached 4,000,000 or more during this interval in only 
5 patients. Fonts and Zerfas'® report the maintenance of “normal” 
erjThrocji:e levels in 38 patients during an average period of 3 years 
^yith extract derived from 300 gm. or less (average, 223 gm.) of 
liver, whereas the levels in 21 patients were not maintained with 
an average daily ingestion of extract derived from 381 gm. of liver. 
Isaacs, Sturgis, Goldhamer and Betheh^ found that in 8 patients 
with an average erythrocyte level of 840,000 it required 63.9 days 
to reach an average count of 4,350,000 with an average gain of 
56,000 cells per day during this period, using intravenous injections 
of extract, probably 20 cc. prepared from 100 gm. of liver, at weeldy 
intervals. ^ The exact dosage is not stated. In 10 patients, similarlj'' 
treated, with an average initial level of 1,420,000 it required 50 days 
to reach an average level of 4,290,000. The average daily gain 
during the entire period was 61,000. In a third group of 21 patients 
with an average initial count of 2,630,000 it took 42.9 days to 
reach an average of 4,380,000. They further report an average 
dail.N gam of 98,000 for the first 2 weeks of treatment in the first 
pou]) and of 82,000 m the second group. This is to be compared 
to average increases of 137,000 and 105,000, respectivelv, in two 
groups vith comparable initial levels and treated with the 1 cc. 
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material as recorded in Table 1. Isaacs and his co-workers main- 
tained “normal” erythrocyte levels in 56 patients during a period 
of from 6 to 17 months with intravenous injections of 20 cc. of 
extract once each month. Meyer, Richter and Ivy^^ observed 
average daily gains of 59,000 erythrocytes in 13 patients treated 
with an average daily subcutaneous or intravenous injection of 

I. 6 cc. of equine liver extract for periods .of from 9 to 73 days. 
They report that each 1 cc. is “equivalent” to 10 gm. of liver. 
Meyer, Richter and Legere’® report the results of treatment of 
6 patients with subcutaneous injections of extracts prepared from 
pre-digested equine liver (with stomach mucosa). Injections repre- 
senting the extract from 475 to 1825 gm. of liver were given during 
periods of from 16 to 73 days with an approximately similar daily 
gain. They conclude that this material has slightly greater potency 
than was present in their equine liver extract. It is difficult to use 
their data for the purposes of comparison because of the varied 
periods of treatment, but the indications are that the material is 
of relatively low potency as compared to the material herein con- 
sidered. Bethel"® has - reported the length of time necessary to 
bring the er^Throcytes to a level of 4,000,000 in 150 cases treated 
with weekly intramuscular or intravenous injections of 10 to 20 cc. 
(prepared from 50 to 100 gm. of liver). In those patients with 
initial erythrocyte counts below 2,500,000 it took 5 weeks, whereas 
it took only 4 weeks in those with initial counts between 2,500,000 
and 3,000,000 and lesser periods of time in those with higher initial 
counts. 

Conclusions. The material used in the treatment of the patients 
under consideration in this study has an antianemic effectiveness 
for erythrocjffe production during relapse of from 20 to 40 times 
the amount of liver from which it is prepared and for maintenance 
purposes from 50 to 70 times the amount of liver from which it is 
prepared if that were ingested. It is also apparent that this extract 
for intramuscular injection so prepared that 1 cc. is derived from 
100 gm. of liver has retained the antianemic potency to an extent 
entirely comparable to that retained in the most efficient of those 
less highly concentrated extracts for parenteral use upon which 
satisfactory potency tests have been carried out. 

Therefore, because of its high degree of efficiency, ease of 
administration and reasonableness of cost, in consideration of its 
effectiveness, this extract is the ideal one for use. 
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EXPERIMENTAL RADIUM POISONING. 


I. Bone Marrow and Lymph-node Changes in Rabbits, 
Produced by oral Administration 'of Radium Sulphate.* 
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Although the intravenous administration of radium salts in the 
reatment of sundry ailments has in a few instances resulted in 
radium poisoning, the great majority of human cases have been 
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brought about by ingestion or inhalation of radio-active substances, 
the victims being chiefly watch-dial painters, chemists, miners and 
consumers of radium-ivater nostrums. Nevertheless in none of the 
experimental studies of this condition have radio-active materials 
been administered orally. This fact is of interest, for, as will be 
seen, certain discrepancies exist between the lesions that hai'e 
been found in experimental animals and those in the humans. 

Lacassagne and his coworkers,i in 1925, reported the production 
of acute and chronic forms of nephritis together with marked 
changes in the blood-forming centers by the intravenous and intra- 
peritoneal injection into rabbits of lethal doses of polonium, a 
decay product of radium emitting only alpha rays. Within 5 days 
the bone marrow showed an almost complete loss of erjh;hroc}'tic 
and leukocytic elements and presented the histologic picture of an 
acellular fatty marrow. Sabin and her co-u'orkers,- in 1932, study- 
ing the effects of the inti'avenous injection of radium chlorid and 
mesothorium on the Ijonpli nodes and bone marrow of rabbits, 
found that the fundamental damage was in the stem cells of the 
lymphoid tissues. They could find no significant changes in the 
granulocytic cells of the marrow. They concluded that the eryth- 
roid tissues are less susceptible to radio-active material than the 
Ijmaphoid tissues, although they observed that an early mild anemia 
of secondary type, developing from peripheral destruction, might 
eventually be changed to one of primary tj^je tlrrough a decreased 
maturation of primitive cells in the marrow. Tu'O of the 7 rabbits 
in their series, surviving 11 and 19 months respectively, developed 
osteogenic sarcomata due apparently to storage of radio-active 
material in the bone. Thomas and Bruner^ in 1933 made a study 
of chronic radium poisoning in rats, produced by subcutaneous 
injection of radium chlorid. In a series of 8 albino rats, these 
authors reported the occurrence of marked loss of weight, patho- 
logic fractures, secondary anemia, hyperplasia of the marrow in 
the central two-thirds of the shafts of the long bones, and aplasia 
of the marrow of the flat bones. The hyperplastic changes in the 
marrow consisted of an increase in the myelocytic cells with an 
abundance of megakaryocytes. They also noted damage to the 
lymphoid tissues and parenchymatous organs. Foci of extramedul- 
lary myelopoiesis were found in the spleen, lymph nodes and liver. 

De Laet,^ in his general review on the deleterious effects in humans 
from the handling of radio-active substances and exposure to Roent- 
gen rays, cites the occurrence of the following blood dyscrasias; 
aplastic anemias, leukopenias, leukemias (myelogenous and lymph- 
atic) and occasionally primary anemias. Most of the cases reviewed 
had not been autopsied nor had studies of the bone marrow been 
made to determine the exact types of blood dj’^scrasia. InMartland^’s® 
observations on victims of radium poisoning by ingestion and inhal- 
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Fig. 2. — ^Autophotograph of various bones of Rabbit 1 showing more or less uniform 
distribution of radium in an early stage of radium poisoning. 



I'lo. -1. — Aborf. First stape of hyperplastic marrow, the predominating cells 
lx!ing of the erythroblastic series. Below. High power of above shows the majority 
of the cells to be er>-throblasts and normoblasts. 








Fig. 5. — Above. Marked hyperplasia of marrow at midfemur, the predominant 
cells being myelocytes among which a few clumps of erythroblasts and normoblasts 
may be seen. Below. High power of above showing the majority of the cells to be 
myelocytes with a few late erythroblasts and normoblasts. 











Fig. G. — Above. Mucoid degeneration of marrow; the strands of large dark cells 
arc degenerating reticulum cells. Below. Fibroblastic replacement of degenerating 
marrow. 



Fig. 7. — Ahonc. Markedly hyperplastic area of lymph node, the predominant 
cells being lymphoblasts among which are a few mature lymphocytes and degenerat- 
ing stem cells. Below. Marked cellular depletion of lymph node: the faint outlines 
of degenerating stem cells in a background of cell d6bris can be seen. 
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ation there were found at autopsy leukopenic anemias of the regen- 
erative type and marked changes in the marrow. 

In the light of the disagreement between the various exiierimental 
findings and the findings in the human cases there still would seepa 
to be some doubt as to the exact nature of the anemias and the 
lymph gland and marrow changes.. We have thought^ therefore 
that study of the bone marrow and other tissues from animals that 
had been given radium salts per os might help to explain the patho- 
genesis of these blood tissue alterations. 


Material and Methods. Four rabbits 6 months of age were used,_ of . 
which 2 were males, each weighing 2700 gm., and 2 females, each weighing 
1800 gm. The animals were kept on a normal and adequate standard diet 
throughout the experiment. Each animal was fed several drops of a sus- 
pension of radium sulphate in glycerin by a medicine dropper 3 times daily 
for a period of 90 consecutive days. By the end of this period each rabbit 
had received orally approximately 100 micrograms of radium sulphate. 
Glycerin was found to be a suitable vehicle and the animals seemed to 
enjoy the sweet taste, thus assuring ingestion of most of the radium salts. 
The rabbits were observed daily for physical changes, and blood studies 
were made bi-weekly. The animals survived for 3, 12, 13 and 18 months, 
respectively, after the cessation of radium administration. 

In studjdng the marrow of our rabbits we employed the procedure recom- 
mended by Krumbhaar and Custer.® These authors recommend making 
differential counts of marrow sections, a procedure .which gives accurate 
information concerning the status of the hemopoietic tissue. 

Physical Changes During Life. For the first 2 months of the radium 
administration the animals showed no abnormal changes. During the 
third month, however, the lower incisor teeth of all showed a brown mot- 
tling. In the next few weeks this mottling became more marked and the 
teeth were observed to be definite^ shortened. Associated with these 
dental changes was a gingivitis, and in manipulating the jaws during the 
administration of the radium there W'as manifested a progressive tenderness. 

One month after cessation of radium administration a diffuse thirming 
of the fur occurred in all the animals and a month later definite local areas 
of alopecia were observed in the peri-orbital regions and over the hind legs. 
No further phj^sical changes were noted until 3 months after cessation of 
radium administration when Rabbit 1 developed a spontaneous fracture 
of the third lumbar vertebra associated wdth a flaccid paralysis of the hind 
legs. Two days later the animal died. The necropsy findings will be dis- 
cussed later. 


During the following 6 months the lower incisor teeth of the remaining 
riibbits b^ame shortened to about 2 nun. above the gum margins. The 
upper incisors showed to a lesser degree the same changes, the sharp incisive 
edges being worn off (abraded) with the formation of broad occluding sur- 
mces. In the meantime these animals developed abscesses of the jaw' and 
Roentpn ray examination revealed irregular areas of rarefaction of the 
mandibular ]Uates. The abscesses subsided spontaneously. By tins time 
(9 months after cessation of radium administration) Rabbits 2, 3 and 4 
had lost 3o0, 250 and 100 gm. respectively in weight. Five weeks later 
Rabbd 3 developed spontaneous fractures of both femora and tibicc and 
lived I weeks longer wRhout developing any further xisible complications 
In the meantime Rabbit 2 developed multiple fractures of both Iiind len-s 
and died the follownng day, 12 months after the end of treatment. 

Thirteen months after the end of radium administration the only sur- 
viving rabbit (^o. 4) developed an abscess of the jaw which perforated 
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and drained into the buccal cavity. Roentgen ray studies at this time 
revealed large irregular areas of rarefaction in the right mandibular plate. 
Aside from the fact that the lower incisors were worn dowm to the gum mar- 
gin, this animal showed no physical changes until one day before death 



when it developed a spontaneous fracture of the lower lumbar vertebra 
■with an associated flaccid paralysis of both hind legs. The foUo'wing daj’^ 
(18 months after radium administration) the rabbit was killed by intra- 
venous injection of air. 
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P’cssive anemia ivith slight remissions. There ■was a gradual^ decrease in 
hemoglobin in all of the animals and the color index, despite slight fluctua- 
tions, showed a progressive fall. The blood smears showed signs of erj-thro- 
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cjiiic activity by an increase in the number of reticulocytes and the appear- 
ance of nucleated red cells. There was a moderate de^ee of poildlocytosis 
and anisocytosis. In a similar manner, despite occasional remissions, all 
of the animals (except Rabbit 1) showed a progressive fall in the total 
number of leukocytes. However, the differential counts revealed a pro- 
longed period in which there were relative and absolute increases in Ijnnpho- 
cytes, though these were not always concomitant (Graphs 1 and 2). 
These periods bore no relationship to the total number of leukoc 3 d;es. In 
one animal (Rabbit 2) there was a marked terminal leukopenia. 

Six months after radium administration various e\ddences of degeneration 
were seen in the granulocytes and lymphocytes. In the former the cell 
membrane verj’^ rarely remained intact in the blood smears, the cytoplasmic 
granules being intercellularly dispersed. The nuclei stained poorly and 
the nuclear membrane was indistinct. Occasionally the nuclei were found 
to be extruded. The lymphocytes stained poorly and showed fragmenta- 
tion of the nuclei. 

Necropsy Findings. Rabbits 1 and 4 that developed spontaneous frac- 
tures of the lower lumbar vertebrai mth cord compression showed retro* 
peritoneal hemorrhages which had infiltrated the psoas muscles. In 
Rabbits 2 and 3 there were hemorrhages into the soft tissues overlying 
the fractures of the long bones. 

The Ijmph nodes and spleens of Rabbits 2, 3 and 4 were generally de- 
creased in size. No other gross changes were observed in the thoracic, 
abdominal and pehdc organs. 

In all of the rabbits the long bones, especiall}" the femora and tibiaj, 
showed, in addition to the fractures described above, a thinning and porous 
condition of the compact bone. There w'as also marked thinning of the 
cortex of the flat bones and in some of these the red marrow could be easily 
seen through the thin cortex. The most striking pathologic changes, how- 
ever, were found in the mandibles where the mandibular plates were 
extremely tliinned and in several instances fenestrated (Fig. 1). All of 
the bones were very fragile. Though no macroscopic tumors of the bones 
were noted, in Rabbit 3 there were numerous nodular bony enlargements 
measuring 4 to 6 mm. in size in many of the ribs. None of these nodules 
occurred at the costochondral junctions. 

The marrow of the long bones, ribs and vertebraj was of the red variety 
in all of the animals except Rabbit 4 where it was pinldsh-gray in color. 
Near the epiphyseal ends of the femora of this animal a few grayish-white 
areas 2 to 3 mm. in size were seen. 

Microscopic Findings. The most important liistologic changes were 
found in the bones, teeth and hemopoietic organs. 

The osseous system, especially the femora, tibia?, _ ribs, vertebrre and 
mandibles, showed a marked generalized osteoporosis and most of the 
compact bone was necrotic. There was atrophy of the trabeculre in the 
epiphyseal ends of the long bones and widespread subendosteal and sub- 
periosteal cortical resorption. Numerous Howship’s lacunte were seen 
with only occasional osteoclasts. The Haversian canals were enlarged and 
their walls were also irregularly indented by Howship’s lacunse. There 
were extensive foci of new bone deposition beneath periosteum and endo- 
steum which bore no definite relationsliip to the sites of the fractures. 
Much of this new bone was also necrotic. The articular cartilages were 
extremely irregular in thickness due to marked focal hj'-perplasia inter- 
rupted by areas of necrosis. The nodules on the ribs of Rabbit 3, mentioned 
above, presented the appearance of bony calluses of healing fractures. 
The granulation tissue of the callus was exceedingly rich in blood capillaries 
and numerous giant cells with multiple nuclei were encountered in certain 
areas. The fibroblastic cells of this granulation tissue were particularly 
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large, showed immaturity approaching a dehnite anaplasia and presented 

many mitotic figures. ^ . i, i -x 

Bone Marrow. The general architecture of the marrow in au 4 rabbits 
was greatly altered. From the marrow of the middle third of the femur a 
differential cell count was made on each animal and compared with those 
of normal animals (Table 1). _ _ ’ j i 

On analj'sis of these counts it is found that Babbit 1 showed a slight 
hjTieractivity of the erythrocj’tic elements, the reaction being of normo- 
blastic type with slight increase in erythroblasts. The eosmophilic myelo- 
cjdes were witliin normal limits. ■ The usual degenerative-regenerative 
balance of megakarjmcjdes was noted. In Rabbit 2, where erytliropoietic 
islands were seen to be larger and more numerous than in the former animal, 
the increased erythropoiesis was of the normoblastic tjqie though showing 
slight erythroblastic activity (Fig. 4). A moderate proliferative activity 
of myeloblasts was noted. There was a definite increase in eosinophilic 
myelocytes. The megakaryoc 3 des were decreased slightly and showed a 
slight increase in the various degenerative forms. 


Table 1. — Diffehential Counts on Bone Marbow, Expressed in Percentage. 
(Each Count Based on 1000 Celus). 



Control. 

Granulocyte Scries; 


Myeloblasts 

. 0.4 

Promyelocytes . 

. 1.3 

Myelocytes: 


Neutrophils 

. 03.4 

Eosinophils 

. 1.4 

Basophils . 

. 0.0 

Metamyelocytes 

. 1.3 

Sogmenters (all types) 

2.2 


70.00 

Erythrocyte Series; 


Erj'throblasts . 

. 3.7 

Normoblasts 

. 24.1 


27.8 

Thrombocyte Series: 


Megakaryocytes 

. 0.5 

Mcgakaryoblasts . . 

. 0.0 


0.5 

RclicuIOKjnclotholial Series: 


Reticular colls . 

1.0 

Endothelial cells 

0.2 


1.2 

Lymphocytic Series; 


Lymphocytes . 

0,5 

Plnsmacytcs 

. 0.0 


0.5 


No. 1. 

No. 2. 

No. 3. 

No. 4. 

0.6 

2.4 

3.0 

6.6 

0.8 

1.6 

0.2 

1.6 

55.6 

34. 9 

69.2 

54. S 

1.6 

3.3 

4.0 

8.4 

0.0 

0.0 

0.0 

0.0 

0.2 

0.3 

7.6 

11.0 

0.6 

0.4 

2.2 

O.S 

59.4 

42.9 

S6.2 

83.2 

6.8 

6.0 

8.1 

11.0 

30.2 

49.1 

5.0 

5.0 

37.00 

55.1 

13.1 

16.0 

0.4 

0.3 

0.2 

0.2 

0.0 

0.0 

0.0 

0.0 

0.4 

0.3 

0.2 

0.2 

2.0 

1.2 

0.2 

0.2 

0.4 

0.3 

0.2 

0.2 

2.4 

1.5 

0.4 

0.4 

O.S 

0.2 

0.1 

0.2 

0.0 

0.0 

0.0 

0.0 

O.S 

0.2 

0.1 

0.2 
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showed mitotic figures. A few scattered mature granulocytes were also 
found. The increase in myelocsdes at the expense of the other marrow 
elements is suggestive of a so-called “replacement anemia” (Fig. 5). It is 
also interesting to note that although there was a marked decrease in ery- 
thropoietic cells, there was a relative increase in erythroblasts apparently 
the result of decreased maturation of these primitive cells. The eosinopliilic 
myelocytes were increased, being most marked in Rabbit 4. These at times 
appeared in small groups or islands. The megakarj'ocytes were slightly 
decreased in number but showed an increase in the degenerative forms. 

These cellular changes produced strildng alterations in the topography 
of the bone-marrow sections. The proliferating myelocjdes occurred in 
elongated islands many of which coalesced to form broad sheets. Occa- 
sional small clusters of erythroblastic cells were scattered throughout the 
myelocytic masses. Although most of the myelocjdes appeared normal 
there were man 3 >- which showed degeneration and various stages of cytol- 
ysis. There were also found large almost completelj'^ acellular areas which 
presented a mucoid appearance and contained the faint remnants of disin- 
tegrating granulocytic cells and occasional reticulum cells. The latter 
were frequently swollen mth vacuolated nuclei and frayed or id-defined 
cell margins. These relatively acellular areas showed beginning fibro- 
blastic invasion while in still other regions this replacement had given 
rise to large fibroblastic and fibrotic patches (Fig. 6). These appearances 
were interpreted as successive stages of radiation osteitis. Occasionally 
the hyperplastic myelocytic marrow which represents the early stage of 
radiation osteitis and the fibroblastic and fibrous marrow, representing 
later stages, could be seen in a single low-power field. The more advanced 
changes, however, were more frequently seen near the epiphyseal ends. 

lAjinph Nodes. The changes in the IjTOph nodes were more or less uni- 
form throughout all the animals except for slight quantitative variations. 
In general all nodes showed a marked depletion of ljunphoid tissue, the 
bac^round of the depleted areas presenting a pale pink staining fairly 
homogeneous appearance in which the faint outlines of nuclear membranes 
were discernible. In contrast to this depletion, in some nodes of all animals 
but especially in those of the rabbit that lived onty 3 months, there were 
islands of proliferating stem cells, many showing active cell division. In 
a few nodes of this animal, as in many nodes of the other animals, the foci 
of proliferating stem cells showed degenerative and necrotic changes so 
that in some places only the indistinct nuclear and cellular outlines remained. 
Along with this change was observed a marked increase in bunphoblasts 
of the large, medium and small varieties which in some instances replaced 
the mature lymphocytes of the lymph nodes (Fig. 6). Even in markedly 
depleted nodes some hyperplastic follicles still persisted. The slight damage 
to the mature Ijunphocytes and lymphoblasts as compared to the marked 
damage to the stem cells was a strildng feature of the lesion. In Rabbits 2, 

3 and 4, a varying number of megakarj'ocytes, normoblasts and myelocytes 
were found in the lymph nodes. In some instances the sinuses were crowded 
with these myeloid cells but occasionally small islands of these cells were 
found in the lymph cords. 

In summary, the lymph node changes consisted essentially of an initial 
hyperplasia and subsequent degeneration of the stem cells resulting in 
hypoplasia of lymphoid elements along mth myeloid metaplasia. 

Spleen. In general the spleens showed changes similar to those found in 
the lymph nodes. There was a marked decrease in mature lymphocj'-tes 
and of the Ijnnphoid follicles and the normal architecture was replaced by 
numerous primitive cells undergoing degenerative changes similar to those 
described in the lymph nodes. As a result of this marked depletion the 
sinuses were found to be widened and empty and presented the appearance 
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of a spleen from -winch the ceUs had been -v^^ashed. This -was especially 
noted m Eabbit 4. As in the lymph glands islands of myeloid metaplasia 

were found in the spleens of Rabbits 2, 3 and 4. nnii 

The microscopic changes in the teeth and parenchymatous organs mil 
be presented in a future publication. 


Summary and Discussion. It has been shown by Sell, Viol and 
Gordon® that 60 to 98% of the radium taken into the human system 
is eliminated, principally in the feces (90%) and urine (10%). 
IVhen taken by mouth 65 to 75% is eliminated in the first 4 days 
and by the 10th day the daily rate of elimination is less than 1 %. 
Thereafter there is a gradual diminution in its remo-val so that 
after several years the rate of elimination is down to .002 to .005% 
per day. In albino rats, Thomas and Bruner,® found that 50 to 65% 
of the radium injected subcutaneously was eliminated within one 
week of the time of injection. The average retention at the end 
of 6 to 8 months was 24.6% and 99% of this retained radium was 
found in the bone ash. We, therefore, feel that it is reasonably 
safe to assume that in our animals that survived 1 year or longer 
10 to 20% of the radium ingested remained in the body tissues and 
that most of it was fixed in the bone. The animals during life were 
found to be radio-active by testing with the alpha-ray emanation 
electroscope.* After death the bones were tested for radio-activity 
by autophotography^ that is, by placing the bones on a photo- 
graphic or Roentgen ray plate for several days. The autophoto- 
graphs of the radio-active liones of human cases have shown a more 
or less uniform distribution of radium throughout the skeletal 
system, although in individual bones the distribution is patchy 
(Martland®). In our Rabbits 2, 3 and 4 a similar patchy distribu- 
tion in individual bones was noted. The autophotographic areas 
tliat showed a decreased radium content were those in which 
histologic sections revealed the most marked osteoporosis and new 
bone formation. These oliservations suggest that the distribution 
of radium is more uniform throughout all of the bones in the early 
part of the disease (Fig. 2) while in the later stages as the result of 
bone absorption and reconstniction the radium content is focally 
diminished (Fig. 3). 

Ihe tissue changes produced in our rabbits by the administration 
prr os- of radium sulphate may be summarized as follows: gingivitis, 
alopecia, abrasion of teeth, necrosis of bone, spontaneous fractures, 
regenerative anemia and h^-jjerplasia and fibrosis of bone marrow, 
v.mular changes and in addition osteogenic sarcoma have been 
reported m human cases. It is also of intere.st to note that in our 
experimental animals aS in the human cases the first changes were 
obser\cd m the jaw and mouth, a condition for which no satisfac- 
ory explanation has a.s yet been advanced. IMartland" stresses 
t ic unpnrtance of mesothorium in the production of the extensive 

* We .nrv inrleblcd to Hr. Alcx.nnder O. Gottler for the cloctroscopic detenninations. 
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jaw necroses and also the severe anemias in the early acute cases 
among the radium-dial painters. Our experiments show that changes 
of a similar nature can he produced by sufficient quantities of radium 
alone. 

Of particular interest are the changes in the blood forming tissues 
in our experiments since the administration of the radium by mouth 
was followed by lesions which resemble closely the changes that 
have been observed in human cases. Our observations would seem 
to indicate that in the bone marrow radium poisoning produces at 
first a stimulation of the cells of the erythroblastic series with a 
preponderance of normoblasts, an effect which is to some extent 
reflected in the blood picture of this period. Continued action of 
the radium inliibits maturation of the erythroblasts as evidenced 
by a slight increase in the number of erythroblasts (Rabbits 3 and 4) 
despite a decided decrease in the total bone marrow erythrocytic 
elements. At this stage there is an extensive replacement of eryth- 
roid elements by cells of the granuloc.ytic series with the production 
of the picture of the so-called “replacement anemia.” 

It is noteworthy that, in the more advanced cases of our series, 
granulocytic hjqierplasia with a preponderance of myelocytes was 
the outstanding feature of the bone-marrow picture (Table 1), a 
finding at variance with the observations of Sabin and her collabor- 
ators’^ who state that the fact that the bone marrow as a hemopoietic 
organ is less sensitive than the lymph nodes is shown not only by 
the lack of change in the granulocytes but also by the slight changes 
in the red cells. 

We were fortunate in being permitted to compare our histologic 
sections with those of Martland’s^ human series. Aside from the 
fact that our animals did not develop definite sarcomatous lesions 
the histologic changes found in the bones and bone marrow of the 
rabbits showed a striking similarity to those seen in the human 
cases. This author observed a myeloid hjqjerplasia which he likens 
to a “panmyelosis, mimicking multiple myeloma.” He found that 
the majority of the cells of the altered marrow were premature 
stem cells— “hemocjAoblasts, proerythroblasts, and promyelocytes.” 
He saiv practically no neutrophilic myelocytes or their mature 
derivatives, whereas neutrophilic myelocytes constituted the major- 
ity of the cells in the hj^ierplastic marrow of our Rabbits 3 and 4. 
He found that the only cells of the granulocytic series which ap- 
proached or proceeded to maturation were the eosinophilic myelo- 
cjAes which were present in large numbers in the bone marrow but 
did not appear in the circulating blood. We noted a moderate 
increase of these cells in the bone marrow especially of Rabbit 4 
but also found an increase in eosinophils of the blood. 

In contrast to these proliferative lesions in the marrow we also 
found areas of cellular fibroblastic tissue and acellular fibrous tissue 
replacing the hjqierplastic marrow in Rabbits 2, 3 and 4. These 
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changes correspond in general to those described by Martland' 
as stages of radiation osteitis, namely, a first or “hjTperplastic mar- 
row” stage, a second stage of “cellular replacement fibrosis and 
a third or healed stage of “replacement by non-cellular fibroblastic 
tissue.” We did not see any sarcomatous areas arising as he sug- 
gested from the cellular fibroblastic tissue, but did observe suspicious 
areas of hjiierplastic fibrous tissue in the periosteal region of the 
at}T5ical healing calluses. However, because similar areas are 
frequently found in the vicinity of healing simple fractures and since 
no metastases could be demonstrated we do not feel justified in 
designating the condition as osteogenic sarcoma. 

The earliest change observed in the Ijnnph nodes was a marhed 
and uniform hjqierplasia of the stem cells. Even during this hyper- 
plastic stage degenerative changes were seen in these cells, some 
showing nuclear damage, while others were found in various stages 
of cytolysis. In the 3 animals that lived for 12, 13 and 18 months 
after radium administration, aside from the changes just described 
there was a decided increase in lymphoblasts in some nodes. The 
lymphoblasts and mature lymphocytes showed only slight degener- 
ative changes as compared with the marked damage noted in the 
stem cells. In still other lymph nodes there was found a diffuse 
depletion of the Ijanphoblasts and mature lymphocytes and, in 
some instances, an almost complete atrophy. The earlier lesions 
in the lymphoid tissue were evidenced by a rise in the number of 
circulating lymphocytes that began approximately 3 months after 
cessation of radium administration. This rise was sustained except 
for slight remissions for approximately 6 months and was followed 
by a steady fall of Ijonphocytes with an absolute lymphopenia in 
the later stages (Graph 1). 

The effects of radium on the lymphoid tissue in our experiments 
may well be divided into the three stages designated by Sabin and 
her co-workers' as “first, a period of stimulation to the stem cells; 
second, a shift to the immature stage Icnown as the Ijnnphoblast; 
and third, a depletion of the nodes due to such a damage to the stem 
cell that the losses in Ijunphocytes can no longer be made up.” 

Associated with marked myelocji;ic hjq^erplasia of marrow in our 
more advanced cases should be mentioned the development of mye- 
oid metaplasia iu the lymph nodes and spleen, a combination of 
lesions that perhaps bears a significant relationship to the occurrence 
of myclogeno\is leukemia in humans unduly exposed to Roentgen 
ra\s or radio-active substances. Rolle.ston,^ on the other hand, in 
ins critical review of the literature concerning the harmful effects 
ol irradiation expresses the opinion that the development of leukemia 
ainong Koentgen ray and radium workers is probably purely coin- 


Condwions. 1. The general features of radium poisoning as 
observed in human cases have been reproduced in rabbits bv oral 
administration of radium sulphate. 
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2. JaAv necrosis, a characteristic of the early acute cases among 
radium dial painters, can be produced experimentally by radium 
alone Avithout mesothorium. 

3. In the bone marroAA' striking changes are produced, consisting 
of an early hj^perplasia of the erythropoietic elements folloAved by 
a decreased maturation of the erythroblasts and the replacement 
of these elements by myelocytes. Finally this hyperplastic marrcAA"^ 
is replaced by fibrous tissue. 

4. In the lymph nodes there is noted an initial stimulation of the 
stem cells Avith subsequent damage to these cells resulting in deple- 
tion and atrophy of the lymphoid tissue. In the circulating blood 
an absolute lymphopenia is found. 

5. The deA-elopment of myeloid tissue in lymph nodes and spleen 
associated AA’ith the extreme myelocytic hyperplasia in the marroAV 
of our animals suggests that the occurrence of leukemia in Roentgen 
ray and radium A\-orkers may not be a pure coincidence. 
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An exact forecast of the cardiac lesions that may be found in 
congenital cyanosis was long considered practically impossible, and 
the idea, that in morbus ceruleus interauricular septal defect must 
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always be present, died bard. The profession is greatly indebted 
to Falloti who, in 1888, published a series of articles on the subject 
In the course of some years he had seen 3 patients come to autopsy, 
and wus struck by the similarity of the lesions. Following this he 
collected in all 55 cases, in whom 41 (74%) showed that congenital 
heart disease associated with cyanosis, especially in adults, is the 
result of a small number of perfectly definite cardiac malformations. 
This group of pathologic-anatomic aberrations is represented by 
the following tetralogy; pulmonary stenosis, interventricular septal 
defect, deviation of the origin of the aorta to the right, hj^iertrophy 
of the right ventricle, almost always concentric in tj^ie. Patency 
of the foramen ovale is entirely an accesspry defect. He believed 
that these 4 anomalies arose in consequence of the stenosis of the 
pulmonary artery. Others now think that the dextroposition of 
the aorta may be quite as important an element in their origin. 
This is borne out by the case reported by Baumgartner and Abbott^ 
and the one we report. In these cases there was no real pulmonary ' 
stenosis but there was dextroposition of the aorta. In only 1 case 
of Fallot’s series was early cyanosis in this tetralogy wanting,® and 
that might be explained by the fact that the obstruction was in the 
conus rather than in the pulmonary artery, whose opened and un- 
opened valves were intact. Since this obstruction had an opening 
the size of a little finger, it may have sufficed for the need of the 
patient. 

It is gratifying to have Dr. Paul White* include a translation of 
Fallot’s conclusions in his textbook. It is a recognition of Fallot’s 
distinct contribution to the diagnosis of congenital cyanosis, espe- 
cially those reaching adult life. 

In 1897 Eisetuenger® reported a case which is sometimes referred 
to as the tetralogy of Eisemengcr, which might better be called the 
tetralogy of Fallot, Eisemenger complex, as suggested by Dr. Maude 
.\bhott. Ill this patient, a man of 32, with cyanosis since birth, the 
findings were interventricular septa! defect, dextroposition of the 
aorta, which was placed astride the septa defect so as to receive 
l)lood from both ventricles, right ventricular hjqiertrophy, a moder- 
ately widened jiuhuonary conus arising normally from the right 
ventricle, and a somewhat dilated pulmonary artery showing some 
endoartcritic thickening, but whose valves were smooth and com- 
petent. lie gives no measurements, but since he says the conus is 
moderately widened and tlie pulmonary artery is somewhat dilated, 
It IS inferred that the dimensions were not striking. The aorta 
was of Its usual dimen.sious, thin walled and smooth. There was 
no jndmonary stenosis in thi.s case. 

Baumgartner and Abbott^ reiiortcd a case of the Eisemenger tvpe 
m a man of lO wlio was found to have an interventricular septal 
<iefeet. dextroposition of the aorta, with a p.uiinonary conus, orifice 
and arterx normally dcvcloiied, but having undergone “dilatation 
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as a result of influx of blood from the left ventricle througli the 
defect into the pulmonary circulation.” • They stress the fact that 
there was no pulmonary obstruction in this case. 

The case we present was that of a woman, aged 31, with cyanosis 
since birth whose heart showed interventricular septal defect, a 
slightly widened conus arteriosus and a fusiform dilatation of the 
pulmonary artery; a hj^joplasia of the dextroposed aorta, which 
was so placed as to receive blood from both ventricles; great hji^er- 
trophy and dilatation of the right ventricle. The hj^^oplasia 
involved both the thoracic and abdominal aorta. The foramen 
ovale was intact in this case, as it was in Eisemenger’s. Here 
again is a case of tetralogy of Fallot, Eisemenger tj’pe, in which 
there was marked pulmonary dilatation and insufficiency and little, 
if anj'^, obstruction. 

Case Report. The ])atient, aged 31, of German-Americau parentage, 
was 61 inches tall and her weight over a 9-year period ran from 96 to lOS 
pounds. She was well developed both physically and nientallj% Her 
mother stated that she was born at 8 months and was a blue baby. Her 
mother never had any rheumatic fever or anj' other infection, at least 
during the pregnancy. There is 1 brother who is 37 and in good health. 

Her earlj' uflections were measles and chickenpox. She had double 
mumps in 1926 and pertussis the same year. Her tonsils from 1929 on 
were evidently somewhat infected. Her thjToid v’as palpable but had no 
influence on the condition. Her teeth were always good. She had broncho- 
pneumonia tvice, and was given to attacks of bronchitis. Always through- 
out life she suffered from dyspnea on exertion. Up until 9 j’cars she was 
considered a delicate child, after that she w'as active, taking part in sports 
and dancing until she was 15. Her periods began at 12; thej’’ were usually 
profuse, sometimes irregular, and at 15 she had a marked menorrhagia 
and was admitted to a hospital vuth the diagnosis of mitral stenosis and 
a blood count of hemoglobin, 50%; red blood cells, 3,420,000; white blood 
cells, 6000. After curettement she recovered and was not troubled over- 
much by her heart condition until after the birth of her first child in 1924. 
This child is a perfect specimen of boyhood. After his birth she noticed 
she had less cardiac reserve, which w'as still further lowered in September, 
1926, when she gave birth to tvdns at 7 months, who survived but 6 hours. 
Although she had always shown cyanosis from birth it was worse after 
these pregnancies. It involved her Hsible mucous membrane, lips, cheeks, 
ear tips, fingers and toes and the latter both showed clubbing. Epistaxis 
was a frequent occurrence and sometimes it was severe as in 1927 and 1930. 
She was blind for 2 hours after labor jn 1926. She had much vertigo and 
many fainting fits and was once carried unconscious into a hospital from 
the street. She was always more or less hoarse and it was especially marked 
after 1926. The postmortem findings confirmed Fetterolf and Norris, “ who 
maintained that the recurrent laryngeal paralysis was due to pressure of 
the enlarged pulmonary artery rather than the enlarged left auricle. The 
highest early blood count was in 1926 when the hemoglobin was 120%; 
red blood cells, 5,750,000: white blood cells, 7500. Three counts made in 
1928-1929 all showed hemoglobin of from 105 to 110% and red cells over 
5,000,000. From that time on until her last illness the counts were nearer 
normal. The average of many codnts was hemoglobin, 88%; red blood 
cells, 4,350,000; wliite blood cells, 7830. November, 1934, she developed 
an acute respiratory infeetion with a severe cough. This led to marked 
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failure by congestion and noth the consequent passive engorgement the 
counts rose again. Because, of the severity of her condition, through the 
courtesy of Dr. E. W. Phueger, who was attendmg her, was atotted 
to the Presbyterian Hospital 18 days before her death On admssion the 
count was hemoglobin, 140%; red blood cells, 6,250,000; 

7800 The average of 4 counts after that was hemoglobin, 120% , red blood 
cells, 5,620,000, although 200 to 300 cc. of blood were withdrawn before 
each intravenous injection of an equal amount of glucose solution. _ 
Physical Examination. This is largely a composite picture of the impor- 
tant and more or less constant findings over a 9-year period. 

There was usually an epigastric impulse and an exaggerated movement 
to the left of the sternum about the 3d and 4th ribs. The midsternal thrill 
was s3"stolic and sometimes diastolic. At the 3d left intercostal space 
there was sometimes a diastolic thrill. Percussion showed a wide lateral 
diameter of the heart and increased dullness in the region of the left auricle 
and pulmonarjf artery. The first sound at the apex was always short, 
sharp, exaggerated and snapping; occasionally it was doubled. The second 
pulmonary sound was usually recorded plus, the aortic second sound was 
often marked plus and sometimes simply present. The second sound at 
the apex was usually present, A low pitched diastolic murmur was con- 
stantly heard at the pulmonar}'' cartilage and at the apex. This diastolic 
murmur could be traced from the pulmonary cartilage along the left edge 
of the sternum to the apex. Sometimes there appeared to be a gap in 
tracing this murmur, so that it suggested that there possiblj’’ was a second 
diastolic murmur at the apex. Sometimes we thought there was a pre- 
sj'stolic exaggeration. There was a systolic murmur at the apex higher 
pitched, heard also over the midsternum but not transmitted, at least 
regularly, to the base of the lieart. Occasionally a slight transmission 
to the axilla and the left back is recorded. Only once was there a systolic 
murmur at the pulmonary area found. It is interesting that the abnormal 
valves found at postmortem should not have produced a more constant 
systolic element; the diastolic murmur was never lac kin g, 

Tlie fluoroscopic examination, in 1929, showed an enlarged shadow 
lying in the region of the great vessels beginning at the level of the 2d rib 
and extending downward to the 4th rib anteriorly where it joined noth the 
left ventricular shadow. This mass pulsated and the aorta appeared to 
be posterior to it. The right side of the heart was greatlj’’ enlarged. The 
great vessels measured 9 cm., the heart’s transverse diameter was 14.5 cm. 
and the chest 27 cm. 

Again in 1931 the pulmonary artery and right ventricular conus were 
unusually prominent and pulsated freely. 

1 he films showed as early as 1927 a marked bulging in the upper 
left segment of the licart silhouette, a rounded enlargement of the 
light ^cntricular border and a markedly increased transverse 
diameter of the heart giving the ventrieles a globular shape. This 
li\ pertrophicd right ventricle pushed the conus puhnonalis upward 
and tins with a widened pulmonary artery gave the prominent pul- 
monary arc in the curves. • ^ 

1 he silhouette (Fig. 1) is much like that of Vaquez and Bordet^ 
oi their young woman of 25 who had pulmonary stenosis and inter- 
vcntneiilar septal defect but no cyaniis. 

cvlln Baumgartner and Abbot’s ease also shows an 

of the ^ shadow 

lie ^cntncles uith increased transverse diameter. 



622 TALLEY, fowler; tetralogy of FALLOT (eISEMENGER TYPE) 

There were many electrocardiograms, they were all essentially 
like the cuts- (Fig. 2). The deflections were rather large, there was 
never the picture of preponderance that one would have expected, 
there were sorne premature heats and for a short time once there 
was auricular fibrillation. The Q-R-S deflections were usually 
larger than normal, suggesting congenital heart disease. P2 and P3 
often suggested auricular hypertrophy. Figure 3 shows ventricular 
asynchronism. As Petit® puts it, the two ventricles do not con- 
tract simultaneously. The Q-R-S presents successively the char- 
acteristic predominance of one or the other ventricle and takes on 
a diphasic aspect. In the Q-R-S of Figure 3, in the first phase there 
is a deep Ql and a tall J?3 as in predominance of the right ventricle. 
In the second phase there is a tall 7?1 and a deep »S3, the sign of a 
left ventricular preponderance. He thinks that the succession of 
the two predominances can only be explained by ventricular asyn- 
chronism, in this case the right predominance preceding. The 
exaggerated hj^pertrophy of the right ventricle makes this easy to 
understand. The electrocardiogram confirms the clinical findings 
of a doubled first sound at the apex at times. 

Discussion. The first impression of everyone on examining the 
patient was that mitral stenosis was a part of the picture. The 
short, sharp, exaggerated first sound, the diastolic murmur at the 
apex, the exaggerated pulmonary second with the very marked 
diastolic murmur at the pulmonary cartilage suggested a mitral 
stenosis with a Graham-Steeli murmur of pulmonary insufficiency. 
Real congenital mitral stenosis is rare,® and in a cyanotic subject 
is apt to be associated with patent ductus arteriosus which we felt 
sure we did not ha^m in this case. 

The cases of mitral stenosis with interauricular defect of Lutem- 
bacher^® did not help because in this condition cyanosis is usually 
late. 

The early and high degree of cyanosis and the comparative fre- 
quency of tetralogy of Fallot as the underlying cause made a better 
prospect. The prominence of the right ventricle and of the pul- 
monary segment, especially in the Roentgen ray picture, suggesting 
interventricular defect and pulmonary stenosis were helpful. The 
lack of a constant systolic murmur at the pulmonary cartilage and 
the constant presence of a diastolic murmur there, made us feel 
that pulmonary insufficiency was sure and that pulmonary stenosis 
was absent or of a very mild degree. 

Any broadening of the aortic shadow to the right of the median 
line was not found, though of course we did not suspect hypoplasia 
of the aorta. Dr. FoAvler’s report of the postmortem shows that 
the diagnosis of tetralogy of Fallot Avas confirmed, but in addition 
there was the unexpected hj'poplasia of the aorta. 

Postmortem Examination. The postmortem examination presented a 
well developed and Avell nourished white female of 31. The skin showed 



Fig, 1.— Silhouette (6 feet) of heart and great vessels, showing great prominence 
of pulmonary arc (P), a wide transverse diameter, an enlarged right ventricle, and 
globular shape of ventricles. 




Pig. 3. Taken February 7, 1929. Shows ventricular asynchronism. 
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a dusky cyanosis. The fingers were markedly clubbed. Half a Hter of 
clear fluid was found in the left pleural cavity. The lungs were wet and 

^°^he pericardial cavity contained 350 cc. of bloody fluid. The transverse 
diameter of the heart was 15 cm. The heart was globular in shape toe 
apex being formed by the right ventricle (Fig- 4) • . The weight was 500 
There was dilatation and hypertrophy of the nght ventricle. Ihe wall 
of toe right ventricle was 1.5 cm. thick. The conus arteriosus was slightly 
vddened and markedly thickened. The pulmonary orifice measured 10 cm. 
in circumference (Fig. 5) . The pulmonary cusps were thickened, of unequal 
length, and the margins were rounded. The left anterior one was fused 
with the posterior one. The right anterior cusp was voluminous. There 



Fig. 4. Heart showing globular shape, transposition and hypoplasia of aorta (A), 
and dilated pulmonary artery (PA) . 


was a fusiform dilatation of the pulmonary artery, the greatest circumference 
of which was 10.5 cm., and there was a moderate atherosclerosis. There 
was a ragged tear 3 cm. in length in the intima of the pulmonary artery 
ju^ above the orifice. Blood had extravasated into the media and adventitia. 

ihe left wntricle was dilated, but not to the extent seen in the right 
ventricle. The wall was hypertrophied, measuring 3 cm. in thickness, 
ihe aorta appeared displaced to the right and somewhat rotated on its 
axis so that it overrode an interventricular defect 2.5 by 2 cm. in the 
anterior portion of the pars membranacea septi (Figs. 5 and 6). The 
interventricular septum measured 2 cm. at its thickest part. 

There was maiked hypoplasia of the aorta. . The circumference of the 
aortic ring was 5.5 cm. The greatest circumference of the arch was 4.5 cm! 
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and of the tljoracic aorta 3 cm. The aortic cusps appeared normal, the 
lining smooth. 

The leaflets of the mitral and tricuspid valves were normal except for a 
slight thickening. The rings of these valves were 12 and 13 cm. in circum- 
ference respectivelj'. The atria showed no remarkable features. 

The liver was enlarged and weighed 2100 gm. On section the parenchyma 
was wet and a dark red color. There was marked dilatation of the veins 
and arteries throughout the parench 3 ma of the liver. 

The gall bladder appeared normal. 



Fig. S. — Opened right ventricle, showing hypertrophy of w’all, scarring of pul- 
monary leaflets, marked widening of opened pulmonary artery {Opened P.A.) and 
septal defect {S.D.). 


The spleen was enlarged and weighed 250 gm. The capsule was tense 
and stretched. On section there was seen an infarct on the diaphragmatic 
surface of the spleen. Parenchjma was firm and a dark red color. 

The pancreas grossly appeared normal. 

The /a’d?iet/s weighed 350 gm. together. Their capsules stripped off with 
ease. On section the cortex was of normal tlrickness and a pale red color. 
The catyces and pelves were normal. 

The uterus and adnexa showed no unusual features. 

The urinary bladder was empty. 

Examination of the gastro-intestinal tract showed no pathologic condition. 

Microscopic Examination. Lungs. Sections show manj'- of the alveoli 
filled with blood, heart failure cells and fluid. Some sections show a con- 
siderable increase in the interstitial connective tissue. The bloodvessels 
throughout the parenchyma are dilated. 

Heart. Sections through the right and left ventricles show the nuclei 
of the muscle fibers to be larger than normal. There is some increase in 
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connective tissue throughout the myocardium. There are a few focal 
areas of Ijmphocytic cell infiltration scattered throughout the myocardium 
Pulmonary Artery. The media is composed of a rather hyalinized con- 
nective tissue. The adventitia is infiltrated with extravasated blood. 

Aorta. Gross sections show no unusual features except the aorta is 
considerably less than norinal tliickness. 

Liver. There is a marked dilatation of the central veins and arteries 
ihe hepatic sinuses surrounding the central veins are dilated. The henatic 
cells appear atrophic ih character. ’ ^ 




I* 1 

“ piilp. SHOWS marked conge.stic 

eeUular^and'^JonfS^^S^m^ throughout the sections appear larg 
medulla are dilated, liiere is slidi^TTf ^ throughout the cortex af 
Pancreas. Sections shZ no 

There ie eh,ht Ske. 
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physical and mental development ^ 
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death.- The diagnosis of tetralogy of Fallot, with the incompetency 
of the pulmonary valves was confirmed at postmortem. In addition 
there was a hj^Doplasia of both the thoracic and abdominal aorta, 
which was not suspected. 
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COARCTATION OF THE AORTA WITH INTERMITTENT LEAKAGE 
OF A CONGENITAL CEREBRAL ANEURYSM. 

Report op a Case. 

By Thomas W. Baker, M.D., 
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AND 

Walter D. Shelben, M.D,, 
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Coarctation of the aorta implies a partial or complete occlusion 
of the lumen of the aorta and when it affects an adult, it occurs at 
or near the insertion of the ductus arteriosus, which is usually just 
distal to the origin of the left subclavian artery. Blackford found 
that, in a series of 68,300 consecutive necropsies reported by 6 
authors, coarctation of the adult type occurred 43 times or an inci- 
dence of 1 in 1588 necropsies. Less than 350 reports of this anomaly 
are to be found in the literature, and the condition was diagnosed 
clinically in less than a fourth of these cases. These statistics clearly 
indicate that coarctation of the aorta exists far more frequently 
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than is clinically appreciated.' However, there has been a very 
noticeable increase in the number of cases reported within the past 


The etiology and pathogenesis of this condition have been a(^ 
qnately reviewed by Abbott and by Blaclrford, and need not be 
considered here. Congdon has added much to the understanding 
of the pathogenesis of cardiovascular anomalies by his contribution 
on the embryologic development of the aortic-arch system. ^ 

Bonnet has divided coarctation of the aorta into the infantile 
and adult types. The infantile type is merely a narrowing of the 
isthmus of the aorta and may be considered as a persistence of the 
anatomic relations that existed under the conditions of fetal circula- 
tion. This type has little clinical significance as the victims are all 
doomed to an early death. 

In the adult type, a pathologic condition is found which has no 
counterpart in intrauterine existence. The findings which are 
usually quite typical are well illustrated in Fig. 1. This specimen 
was obtained at necropsy of a case observed by one of us (Shelden). 
This case previously was included in the series collected bj’^ Blaclcford. 
The aorta appears as though it had been ligated at the point of con- 
striction. An hour-glass bulge is usually present above and below 
the constriction, and the ascending portion may be the seat of an 
aneurysmal sac. Occasionally, the aorta may be hypoplastic 
throughout. Cardiac hypertrophy occurs in 75% of the cases 
(Blaclrford), and bicuspid aortic valve is present in 25% of cases 
(Abbott). Other anomalies of the great vessels of the aorta and 
of the cerebral vessels are frequently encountered. The innominate 
and subclavian arteries and their branches, together with the arter- 
ies which are usually responsible for collateral circulation, namely 
the first three intercostal, the dorsalis scapular, the internal mam- 
mary, and the deep epigastric arteries, are markedly dilated in most 
cases. Other arteries may assist in collateral circulation. ' 

. Diagnosis. The diagnosis is not a difficult one, and is not depend- 
ent on laboratory or roentgenographic confirmation, although the 
latter is frequently helpful. In the great majority of cases the pa- 
tients are robust young adults who have led an active life and fre- 
quently have participated in athletics. The latter observation has 
been attributed by some writers to the increased cerebral circula- 
tion. Because of the paucity of symptoms, the physician is fre- 
quently not consulted until the signs of cardiac insufficiency or an 
une^lained cerebral hemorrhage has occurred. The seriousness 
of tte complication may make a thorough examination impractical 
so that coarctation of the aorta may not be recognized as the 
contributing factor. Intermittent claudication or “poor circulation” 
IS occasionally the presenting complaint. 

The signs of coarctation of the aorta are quite definite and once 
the diagnostic features are discovered, the clinical diagnosis is 
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almost always substantiated by necropsy. The cardial signs may 
be summarized as follows; 

1. A forceful, bounding pulse is noted in the vessels of the neck 
and upper extremities, and an absence or marked diminution of 
pulsation, in the vessels of the lower extremities. If a feeble pulse 
is detected over the femoral arteries, it is asynchronous with the 
radial pulse. 

2. A palpable aortic pulsation is absent in the abdomen whereas 
a forceful systolic thrust is present in the suprasternal notch. 

3. There is hypertension in the brachial arteries, usually with a 
definite pulse pressure and a much lower blood pressure in both 
popliteal arteries. This is a reversal of the normal state. 

4. Evidence of a well-developed collateral circulation is found. 
Large, tortuous, anastomosing arteries may be seen and palpated 
in the interscapular, suprascapular, and axillary regions, and less 
often are conspicuous over the anterior aspect of the thorax. The 
internal mammary and deep epigastric arteries are occasionally 
visible and palpable. These collateral vessels transmit a systolic 
or presystolic murmur and frequently a fine accompanying thrill. 

5. A murmur, which is usually heard over the aortic area, has 
its maximum intensity along the left border of the sternum. This 
murmur is frequently altered by the congenital or acquired vahmlar 
lesions which may be present. Cardiac hj^oertrophy is present in 
three-fourths of the cases. 

While the diagnosis is essentially a clinical one, certain accessory 
roentgenologic signs are of value when present. They are as follows : 
(1) a bilateral erosion of the inferior borders of the ribs; (2) an 
absence of the prominent aortic knob, usually associated with hyper- 
tension; and (3) a dimpling of the descending aorta, which is best 
seen in the left oblique position. 

Association of Cerebral Aneurysms With Coarctation. The fre- 
quency with which cardiovascular anomalies, such as a bicuspid 
aortic valve, defects of the aortic septum, subaortic stenosis, persist- 
ent left superior vena cava, anomalous origin of the arteries from the 
aortic arch, and congenital cerebral aneurysms, are associated with 
coarctation would almost appear to be a significant part of the pic- 
ture. Of these associated anomalies, only the cerebral aneurysm 
presents a grave source of potential danger. 

Eppinger, in 1887, first suggested rupture of a congenital aneurysm 
of the cerebral arteries as an explanation of cerebral hemorrhage of 
xmknown etiology, particularly in young adults. He says that “in 
the small and smallest arteries, like those forming the circle of Willis 
and its branches, many aneurysms have a congenital origin and 
are due to an inborn defect of the arterial wall.” Many observers 
have since reached the same conclusion, and it is generally agreed 
that rupture of a congenital cerebral aneurysm must be considered 
as an explanation in any “spontaneous” cerebral or meningeal 
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hemorrhage which affects a non-hj^pertensive mdnndHal, particu- 
larly a young person. Except in rare instances, _ these small aneu- 
rysms are not dependent on infection. Fearnsides reported that 
only 6% of the aneurysms of the small cerebral arteries can be 
proved to have a possible syphilitic basis, and these largely occur 
in the basilar and vertebral arteries. Aneurysms^ of the cerebral 
vessels, which are of syphilitic orighi, usually attain sufficient size 
to produce sjmiptoms that simulate tumor of the brain, while the 
aneurysms of congenital origin are often very small and usually 
do not give rise to symptoms until intermittent leakage or rupture 
occurs. Forbus and others in studying these congenital cerebral 
aneurysms found an absence of the media of the arterial wall at 
the bifurcation of the cerebral vessels from the circle of Willis, 
where the great majority of these aneurysms are found. Forbus 
also demonstrated that a greater pressure is exerted on the arterial 
wall at the angle of bifurcation than elsewhere. It is, therefore, 
not surprising that, in cases of coarctation of the aorta in which 
there has been a sustained hypertension in the cerebral vessels 
since early life, we should frequently find these congenital aneurj^sms, 
and that “spontaneous” cerebral or meningeal hemorrhage is the 
cause of death in a relatively high percentage of these cases. 

Woltman and Shelden found that in 32 cases of coarctation 
of the aorta with neurologic complaints, in which necropsy was per- 
formed, cerebral hemorrhage w^as responsible for death in 37.5%. 
This complication was also found to be the cause of death in 17 % 
of the cases in the series collected by Blackford. Abbott, in 1928, 
collected the reports of 20 cases of coarctation of the aorta, in wdiich 
cerebral hemorrhage was the cause of death. In 7 of these cases, 
a ruptured congenital aneurysm was definitely demonstrated to be 
the source of hemorrhage. She said: “In view of the extreme diffi- 
culty and sometimes the impossibility of locating these very small, 
almost miliary aneurysms, on the cerebral vessels in the midst of a 
large hemorrhage at the base, and the extreme youth of most of the 
patients so dying in this series, it seems safe to conclude the presence 
of a ruptured cerebral aneurysm in practically all such cases of so- 
called spontaneous cerebral hemorrhage occurring in coarctation 
before the end of the second decade without a history of infection 
or other apparent cause.” 

Eppinger (1887), Kolisko (1913), Strassmann (1922), Woltman 
and bhelden (1927), Parkes Weber (1927), and Green (1928) have 
reported cases of coarctation of the aorta in which necropsy revealed 
that the spontaneous cerebral hemorrhage was clearly the result of 
a ruptured aneurysm of the cerebral vessels. 

Farker, in 1926, emphasized the phenomenon of “intermittent 
eakage as a diagnostic sign of a small rupture in the aneurysmal 
sac, m which the small, slitlike aperture closes following a certain 
amount of bleeding. He said: "Much more interesting clinically 
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are the cases of intermittent leakage of blood from the aneurysmal 
sac with alternating episodes of disturbed function and periods of 
relatively good health. ... In these cases, there was a history of 
two, three, or more apoplectiform seizures separated bj’- varying 
intervals. At necropsy the pathologic counterpart of these episodes 
was found in different layers of old and recent hemorrhage from a 
ruptured aneurysm at the base of the brain. This general behavior 
is characteristic and diagnostic in a large percentage of cases of 
intracranial aneurysms and makes it possible to recognize the dis- 
ease during life. The onset of these attacks is usually sudden and 
associated with sudden severe headache or sensation of something 
giving away in the head.” 

Lichtenberg and Gallagher have reported the only case of coarc- 
tation of the aorta associated with intermittent leakage of a cerebral 
aneurysm diagnosed during life. Their patient, who was a girl, 
aged 12, was still living 18 months after the cerebral accident. It 
is our purpose to record a similar case in which the association of 
these two anomalies has been diagnosed during life. 

Case Report. History. A married woman, aged 25, came to the clinic 
on April 17, 1935, complaining of a recent diplopia and hjiiertension. 
Prior_ to July, 1934, she had always enjoyed exceedingly good health and 
had indulged strenuously in tennis, hockey, basketball, and swimming. 
Pertussis was the only illness which the patient recalled with the exception 
of a traumatic injury to the back, which had occurred in 1933. There was 
no history of rheumatic fever or syphilis and she knew of no other cases 
of hypertension in the family. 

In July, 1934, after swimming fot almost 2 hours, she had experienced 
a “sudden, bursting sensation in the head,” which had been followed 
immediately by a violent headache over the right temporal region, blurred 
vision, vertigo, and generalized weakness. She had not lost consciousness. 
She said that she would have drovmed if the occupants of the accompanying 
boat had not seen her plight and pulled her from the water. The headache 
and vertigo had persisted for 2 hours. She had consulted her physician 
a few days later, at which time the value for her systolic blood pressure 
had been found to be 185 mm. of mercury. This had been the first knowl- 
edge of her hj’pertension. 

She had then felt perfectly well until March 15, 1935, when a severe, 
throbbing, pulsating headache had developed. This had been localized 
over the right temporofrontal area. The headache had been present almost 
constantly for 2 weeks; it usually had been accompanied by dizziness, 
nausea, and occasionally by blurred vision. The value for the blood pressure 
was found to range as high as 220 mm. of mercury at this time. 

On April 8, 1935, she had experienced a syncopal attack, which had 
been preceded by a sudden loud noise in the head and a severe pulsating 
headache. The sjmcope had lasted less than 5 minutes and so far as the 
patient was aware, it had been unaccompanied by any significant features. 

On April 13, 1935, while purchasing a few articles at a drug store she 
suddenly had lost all vision in the right eye. This attack also had been 
followed by severe headache and dizziness but there had not been any 
hemiplegia, loss of consciousness, disturbances of speech, paresthesia, 
and so forth. She had noticed some return of vision after 3 hours, and 4 
days later the vision had been found to be normal. Diplopia, dilatation 





Fig. 2. — .4, Bilateral erosion of the ribs posteriorly, absence of the shadow of the 
aortic knob and normal cardiac shadow in the case reported; B, arrows indicate 
areas of erosion of ribs produced by dilated intercostal arteries. 


631 


BAKER, SHELDEN: COARCTATION OF THE AORTA 

of tbe right pupil, and slight ptosis of the right .Ud had been noticed vdth 
the return of vision. She came to the clinic 4 days after this episode. 

Physical examination revealed a young woman, who was well developed 
and of an atldetic build and who weighed 136 pounds (61.7 kg.). Ihe 
lungs, abdomen, and pelvis were essentially' normal. The tonsils vrere 
large and cryptic but not obviously diseased. The thyroid gland was 
moderately full. The pulse and temperature were normal.. 

The heart was apparently not enlarged, but auscultation revealed^ a 
well-defined double murmur over the aortic valve, with its maximal in- 
tensity transmitted* along the left border of the sterniini. The radial 
pulse in each arm was forceful, sudden, relapsing, and of the Corrigan type. 
The value for the systolic blood pressure in the right arm was 182 mm. of 
mercury and that for the diastolic was 82 mm. of mercury, revealing the 
high pulse pressure of aortic insufficiency. A slight capillary pulse in the 
nail beds was present. In attempting to elicit the Duroziez “pistol-shot” 
sound over the femoral arteries, the clue to the correct diagnosis was 
found. There- were no pulsations over either femoral artery. This was 
substantiated by totally absent pulsations of the posterior tibial, dorsalis 
pedis, and popliteal arteries in both legs, but because of an apparently 
adequate collateral circulation, there was no pallor of the lower extremities 
with elevation, or rubor with dependency. There was likewise no palpable 
pulsation of the abdominal aorta although the vertebral column could be 
palpated with ease. The pulse in the carotid, brachial, ulnar, and radial 
arteries was full and bounding. 

The blood pressure was taken in the recumbent position and the values 
in millimeters of mercury were as follows: for the right brachial artery: 
systolic 182, diastolic 82; for the left brachial artery: systolic 176, diastolic 
74; for the right popliteal artery: systolic 118, diastolic ?; for the left popli- 
teal artery: systolic 128, diastolic ?. The sounds were heard noth difficulty 
over the popliteal vessels and the oscillations of the manometer were barely 
perceptible. 

No visible pulsating vessels over the thorax were observed. There 
were, however, several palpable vessels in the interscapular regions of both 
sides and the murmur could be heard over all of the upper intercostal 
arteries and over the dorsalis scapular arteries in the axillary and posterior 
aspects of the thorax. 

Neurologic Examination. On the right side there was a ptosis of the 
upper lid, a paralysis of the internal rectus muscle, a loss of convergence, 
and a dilatation of the pupil, indicating a partial paralysis of the oculo- 
motor nerve on the right side.* Reflexes were bilaterally exaggerated but 
equal. No pathologic reflexes were present. Vision was normal in both 
eyes and. the visual fields were roughly normal. The ocular fundi showed 
only a slight hypertensive diminution in the caliber of the arteries. 

Laboratory Data. The Kline and Kahn reactions of the blood were 
negative. The hemoglobin, blood count, amount of urea in the blood, and 
the urine were all normal. A blood culture did not show any growth on 
blood and brain agar within 48 hours. 

Roentgenographic Examination. A roentgenogram of the thorax revealed 
a bilateral posion of the Merior surfaces of the 4th, 5th, '6th, 7th, and 8th 
ribs posteriorly; the erosion was more pronounced on the right side than 
it was on the left. The aortic knob was not visualized and there was no 
cardiac hypertrophy (Figs. 2a and b). A roentgenogram of the head did not 
reveal any abnormality. ‘Qnfortunately, a left oblique roentgenogram of 
the thorax was not made as it was necessary for the patient to return home 
before this could be done. An examination of the cerebrospinal fluid was 
omitted for the same reason. 

* Correspondence has revealed that the diplopia persisted for a period of 2 
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Comment. Although frequently overlooked, as the incidence in a 
large number of necropsies indicates, coarctation of the aorta pro- 
duces outspoken clinical signs and the diagnosis is not difficult. 
It requires only a routine palpation of the aorta and the peripheral 
vessels, a few readings of the bipod pressure, and a threshold of 
suspicion which includes this interesting anomaly as a possibility 
in any unexplained cardiovascular disease or accident which affects 
a young adult. In any case in which a patient who is less than 40 
years presents signs of cardiac insufficiency without a rheumatic 
or syphilitic basis, coarctation should be considered. Routine 
palpation of the peripheral vessels and readings of the blood pressure 
in the popliteal arteries occasionally will reveal coarctation of the 
aorta which has masqueraded previously under the diagnosis of 
essential hypertension. The possibility of coarctation should he 
borne in mind when the patient complains of intermittent claudica- 
tion, although the great majority of these patients will have thrombo- 
angiitis obliterans or arteriosclei'osis obliterans. 

Once the diagnosis of coarctation of the aorta is established, any 
cerebrovascular accident should suggest the possibility of an inter- 
mittent leakage or rupture of a congenital cerebral aneurysm, most 
frequently situated in the circle of Willis, as the association of these 
two anomalies is not iitfrequently observed. In the case here pre- 
sented, it Avas the neurologic lesion which first called attention to the 
aortic anomaly. We feel that this patient had suffered two and 
possibly three episodes of intermittent leakage of a cerebral aneu- 
rysm without an actual rupture in the strict sense of the word. She 
returned home Avith the advice to discontinue athletics and to 
aAmid strenuous physical actmties in the hope of preAmnting a Ams- 
cular catastrophe. 

Abbott has shown that in 77 % of these cases death AA^as the result 
of coarctation or one of its complications. These complications 
include rupture of the heart or of the ascending portion of the aorta 
(20%), cardiac insufficiency (30%), cerebral hemorrhage (12%) 
mycotic endarteritis and rupture of mycotic aneurysms just beloAV 
the coarctation (7%), and cardiac asystole Avithout apparent cause 
(8%). The aAmrage span of life is approximately 35 years. By 
recognizing this anomaly eai'ly, much can be done to aA^'ert disaster 
by curtailing physical actmties and prohibiting athletics in which, 
strangely enough, most of these patients strenuously indulge. 

Summary. A series of an unusually large number of consecutive 
necropsies indicates that coarctation of the aorta occurs far more 
frequently than is clinically appreciated. The pathology and diag- 
nosis of this anomaly is discussed and attention is called to the ease 
with which this diagnosis may be confirmed or denied. The asso- 
ciation of congenital cerebral aneurysm Avith coarctation is empha- 
sized. A case in which coarctation with possible intermittent leak- 
age of a congenital cerebral aneurj'^sm affected a young woman still 
living is reported. 
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PRIMARY PULMONARY ARTERIOSCLEROSIS WITH POLYCY- 
THEMIA: ASSOCIATED WITH THE CHRONIC INGESTION OF 
ABNORMALLY LARGE QUANTITIES OF SODIUM CHLORID 
(HALOPHAGIA). 


By Ward Darley, M.D., F.A.C.P., 
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A GROWING interest in the subject of pulmonary arteriosclerosis 
las centered m the observation that the phenomenon is apparently 
the usual. If not the invariable, result of a prolonged elevation of 
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pressure in the pulmonary circulation. With few exceptions this 
hypertension has been due to extravascular obstruction to the pul- 
monary circulation producing what we may call the "syndrome of 
obstruction” in the lesser circulation— dyspnea, cyanosis, poly- 
cythemia and right ventricular hj^pertrophy. The majority of 
cases presenting this syndrome reveal an antecedent and probably 
related cardiac, bronchial or pulmonary abnormality, but there are 
instances in which such a causative faetor is not demonstrable. 

The case herewith presented is one which shows extensive sclerosis 
of the smaller pulmonary arteries. The sjTnptoms of lesser cir- 
culatory obstniction were prominent during life. The role played 
by an abnormal appetite for and lifelong ingestion of excessively 
large quantities of sodium chlorid is questionable. Following a 
brief discussion of the pathologic changes involved, the clinical 
features of our case will be considered from two standpoints; first, 
those which are chiefly of interest in relation to diagnosis, and second, 
those which are of interest in relation to etiology. 

Case History. A young woman, aged 20, was first seen in December, 
1932, complaining of marked shortness of breath, "poimding of the heart” 
upon the slightest exertion and an almost constant craving for salt — all 
present since early childhood; and of more recent origin, vaginal bleeding 
and inability to sleep. 

The patient’s parents state that when she was 3 weeks old a definite 
blueness of the lips was observed but that no other abnormality in the child 
was noted until she became large enough to climb into a chair and reach 
objects on a table or sideboard. It was then that an abnormal hunger for 
salt became manifest and the knowledge of certain punishment would 
not deter her from appropriating the contents of a salt tumbler. When 
about 4 years old it was noted that shortness of breath and exhaustion were 
beginning to prevent the patient from indulging in activities usual to 
children of that age. 

During childhood the patient had pneumonia 6 times, the first attack 
occurring at 2 years. The susceptibility to frequent respiratory infections 
was not relieved by tonsillectomy at 12. She never suffered from a chronic 
cough nor was there ever any suggestion of asthma, ■^^len she was 15 
she was placed in a girl's school where a positive blood Wassermann was 
reported to have been found. She was given 3 doses each of mercury and 
arsenic, then taken home and placed under the care of a dermatologist 
who could not, however, verify the diagnosis of sj'phfiis. No more treat- 
ment was given and blood Wassermann tests continued to be consistently 
negative at yearly intervals. 

In October, 1931, the patient came to the Rocky Mountain region and 
was married. She had spent her life near sea level and on coming to the 
higher altitude she noted a marked ag^avation of the respiratory distress. 
In May, 1932, she induced the miscarriage of a 3J months’ fetus following 
which uterine bleeding persisted until a curettement was done early in 
December, 1932, by Dr. C. A. Dorsey, who subsequently referred her to 
one of us (W. D.) for study. 

When she was first seen, a short walk was sufficient to induce extreme 
fatigue with marked dyspnea. For more than a year sleeping had been 
diflacult because of inability to breathe freely on lying down. She stated 
that she was eating as much as from 2 to 3 pounds of salt a week and that 
she always carried rock salt with her to consume between meals. 
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Physical Examination and Lahovatonj Findings. The patient was a weU 
developed, YQung adult female, with moderate Qmnosis of the skin of the 
face and extremities. There was no clubbing of the fingers or toes, 
scopic examination revealed the skin capillaries at the nail root to be 
elongated, tortuous and dilated throughout the arterial The eye 

grounds were a deeper red color than normal, with marked dilatation and 
tortuosity of the retinal veins. The nasal and pharjmgeal mucou.s mem- 
branes were markedly cyanotic. The tonsils were absent. 'Hie breasts 
were large and pendulous, extending below the umbihcus. The thorax 
was of normal configuration. Exaimnation of the lungs revealed no abnor- 
malities to percussion or auscultation. No thrills could be palpated over 
the precordial area. Percussion of the heart borders revealed moderate 
enlargement to the right in the fifth interspace and marked enlargement to 
the left at the base. The heart sounds were labored and a marked reduph- 
cation and accentuation of the pulmonic second sound was found. No 
murmurs could be heard. Tenderness was present in the left lower abdom- 
inal quadrant and on pelvic examination a small mass was found in the left 
adnexal region. The pulse was 86, respiratory rate 30, temperature 98° 

■ and weight 132 pounds. Blood pressures taken on 3 different occasions 
were: 108/90, 110/90 and 112/96. 

Roentgen Ray Study o/ the Chest (Drs. F. B. Stephenson and K. D._A. 
Allen). The fluoroscopic examination revealed a bulging in the 'region 
of the pulmonary artery in which pulsations corresponded -vyith ventricular 
systole; the excursion of both diaphragms was good. The roentgenograms 
of the chest showed a marked enlargement of the pulmonic arch, enlarge- 
ment of the right ventricle and right auricle, and extensive fibrosis in the 
hilar regions and bronchial system. A comparison of the heart shadows 
in systole and diastole revealed increased width of the right heart in all 
phases and a failure of the heart to exhibit a normal range of change be- 
tween diastole and systole, the right side of the heart showing onlj'’ about 
half as much change as the left side when radiated in the two phases 
(Figs. 1 and 2*). 

The electrocardiographic tracing showed the changes peculiar to right 
ventricular preponderance. 

The average vital capacity was 2650 cc., and tidal air 700 cc. (Narragan- 
sett Wet Spirometer). This vital capacity was within normal limits for 
this patient but the tidal air was considerably above normal. 

Nothing abnormal was found in the urine. 

A fractional gastric analysis gave results within normal limits, A barium 
Roentgen ray series revealed no gastro-intestinal abnormalities save a spas- 
tic colon. 

Blood chemistry studies gpe normal findings as to dextrose, total non- 
protein mtrogen and urea nitrogen. The bleeding and coagulation times 
were normal. The globulin and albumin respectively were 3 and 5.2 gm. 
per 100 cc. of serum. The blood serum osmotic pressure was 360. These 
uetermmations were all within normal limits. The hemoeytologic findings 
me incorporated m Table 1, An increased level of hemoglobin and a 
moderate polycythemia were found. 

Clinical Course and Subsequent Observations. During the first 7 days’ 
for ^^^^^“^.““sumed 34 ounces of salt. She refused to go 

^ ''”*^out salt. Between the dates of December 12 

1932,_and January 20, 1933, she was given 2 gm. of phenylhydrazin hydro- 
resulted in no alteration of the blood findiJgs^ SaWy 

rhaeed^OT following which the patient hemor- 

n w 1 .“^ ^ ^ red count droppmg to 5,650,000 by Januarv 31 

On February 3 she entered the Colorado^ General 'Zpital SS at 

* The measurements noted are according to the careful work of Levene and Reid.i 
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ditional blood studies were made by Drs. E. R. Mugrage and R. H. Hill. 
Hemoglobin determinations from the same specimen of i)lood were made 
and the grams per 100 cc. of blood with each method used were as follows: 
18.58, Van S^^e; 18.81, Wong; 19.50, Osgood-Hasldns. The red count on 
this day was 6,265,000. The Kahn, Muller, Wassermann and Hinton tests 
for S 3 ’'philis were all negative. Blood volume studies by the use of intra- 
venous brilliant %dtal red were made. The results compared with the 
theoretical normals are as follows: 



Patient. 

Normal. 

Plasma volume 

. . , 2009 cc. 

2909 

CC, 

■\Vhole blood volume 

. . . 0221 cc. 

4010 

cc. 

Plasma volume per kg. . 

•10 cc. 

51 

cc. 

Whole blood volume per kg. 

107 cc. 

SO 

cc. 

Plasma volume, % 

. . . 42.0 

04 


Cell volume, % 

57.1 

30 



The red count on this day was 6,930,000. 

On March 31 the patient returned to her honie in Columbus where she 
reported for observation on April 6, 1933. 

After her return to near sea level it was found that the red count decreased 
appreciably (Table 1). The Wassermann and Kahn tests were again found 
to be negative. Hemolj’'sis began at a salt equivalent concentration of 0.430 
and was complete at 0.267 (Wiseman technique'^) shouang increased eridh- 
rocyte resistance. The folloMng additional data were obtained on the 
dates indicated. 


Date. 

•1/6. 

4/12. 

4/lS. 

Comparison with 
normal. 

Cell volume, % 

5S 

59 

58 

High 

Mean corpuscular volume 

92 

120 

118 

Normal to high 

Mean corpuscular hemoglobin . 

22 

28 

32 

Low to norm .a! 

Mean corpuscular hemoglobin concen- 
tration 

24 

22 

27 

Low 

Sedimentation rate 

10 

0 

0 

Normal 

Icteric index 

10 

15 

15 

High 


The basal metabolic rate was -f-5. 

Studies directed toward the investigation of the abnormal salt intake 
were of considerable interest. Dr. S. Renshaw, in a careful studj’^ of her 
gustatorj’" stimulus limens for sodium chlorid (that concentration of salt 
barely appreciable to taste), found her salt threshold to be strilcinglj>' low 
compared to “normal” indiHduals. Space does not permit the elaboration 
of the technical details necessar}'- to make accurately such an observation. 
Briefly, the threshold for a given substance (sodium chlorid in this case) 
at a given temperature is determined bj'- a method of linear interpolation 
after plotting the percentage of positive judgments against the correspond- 
ing solution strengths. A judgment is considered positive when the sub- 
ject is able to differentiate between distilled water and the test solution. 
Table 2 gives the percentage of positive judgments made by our patient 
for various concentrations of sodium chlorid at temperatures rangiuo- from 
3° to 47° C. The figures at the bottom of the table are the values'of the 
tliresliolds at these temperatures and are interpreted as fractions of a 1% 
solution by weight. In order to give some notion of the patient’s sensitivity 
to the taste of salt, Fig. 3 compares her thresholds with those of indi- 
viduals who were normal with respect to taste and salt intake. 

Table 3 contains data relating to the daily fluid intake, urinary output, 
salt intake, urinary chlorid and blood chlorid. Data taken when the patient 
was aUowed to ingest sodium chlorid in any amount is compared with that 
taken when no salt was permitted (Fig, 4). 




l^IG. 1 ]?IQ^ ; 

Figs. 1 and 2. — Roentgenograms of the heart in diastole and systole. 
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Tabi<e 1.— Summahy of Hfatocvtofogig Da.ta and Factohs Which Might be 
ExVected to Influence the Blood Picture. 
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I 
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1 

1 
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05 
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I 
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1 
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1 

Date. 

U 

C 

C. 

C u* 

“o 

t-.o 
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c< 

2 
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o ^ 1 

«ii: 

i 

k: ( 
( 
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r-I 1 
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1 

15? 
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6 

a 

s 

o 
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?• 

05 C 

CJ « 

So 

a C. 

JvIisccUancous. 



« 

K 

^ 1 

! 

I 

i 

J 

pi 


<4 



Dec. 12, 1932 

17. G 

7.4S 

; 

9.1 

73 I 

1 

2 


22 

3 


Initial reading, Den- 
ver. 2 gm. phenyl- 
hydrazin Dec. 12, 
1932 to Jan. 20, 1933. 

Jan. 23, 1933 

17.6 

7.46 


7.8 

65 

4 

1 

24 

• 6 


Hemorrhoidectomy. 









Anal hemorrhage for 
Iwcek. 





15.0 


. . 

10.6 

81 

2 


17 



Hemoglobin &tudy. 

Feb. 3 

16.9 

6.26 




. . 

. 





Feb. 17 

17.6 

6.1 


13.2 

SO 

2 

, . 

is 

. . 

. . . 

Acute respiratory in- 




. 






fcction. 

Feb. 23 

Mar. 28 

20. -1 
17.6 

6.93 

7.17 


6.55 

/a 

• • 


17 

S 


Blood volume study. 
From Denver to Col- 










limbus. 

April 6 

14.0 

6.3 


8.4 

60 

7 

1 

26 

6 


Initial reading. Col- 

13. S 

4.87 

1.8 

i 7.5 

87 

1 


29 

13 

210 

umbus. 

April 12 

April 18 

16.0 

4.9 

0.6 

1 4.9 

54 

11 

1 

90 

12 


April 19 

April 20 

15,3 

5.66 


6.3 

61 

3 

3 

31 

‘ 9 

100 


14.0 

5.75 

0.2 

1 5.05; 56 

1 

1 

28 

14 

SO 


May 12 

14.0 

5.35 

0.8 

7.25 66 

5 

2 

18 

8 


1 myelocyte. 

June 9 

15.3 

6.12 

3.4 

i 0.8 

1 

1 7S 

1 

■ 4 


12 

i 

1 

i ••• 

1 

Day of operation. 


Table 2.— Percentages of Positive Judgments on Taste of NaCl Solutions, 
With Thresholds at Various Temperatures. 


Du tC8 
in 

t 

lOtb. j 

12 th. 

5tU. 

8th. 

16th. 

17th. 

nth. 

4 th. 

19th. 

22d. 

23d. 

Sol. 












temp., 

“C. 

3 

9 

18 

23 

33 

35 

37 

37 

42 

42 

47 

% NaCl 











i 

,070 


0 


0 







1 

.075 



0 

10 








.080 


20 

6 


36 






i 

.085 


.--0 

20 








1 

.090 

20 

26 

33 


44 





5 

I 0 

.095 



M? 








.100 

.105 

35 

55 

53 


S4 

0 



48 

40 

10 

,110 

,115 

S5 1 

66.6 

60 

94 

100 ' 

SO 

10 i 



72 

( 70 

55 

.120 

.125 

55 

86.6 ' 

tT) 

! 

76 , 

15 j 

1 

1 

75 

80 

SO 

.130 

.135 

85 

93,3 


65 

55 i 


i 

94 1 

85 j 

75 

.140 

.145 





70 

65 


1 


100 

70 

.150 

.160 

.170 

.180 

.190 






90 

100 

15 

35 

45 

65 

80 

0 i 
26,6 
26.6 
33.3 
86.5 

. 



.210 

Thresh- 

olds 

.1075 

.098 

.098 

.0925 

.0915 

1 

.12875 

So 

100 

.1725 

73.0 

.1832 

.1008 

.1033 

.109 


Note: Oral temperature was taken on eadTday^ndv^ed from SB^toliae^ 


. , patient took as much salt as she desired, it will be noted tha 

the fluid intake and output averaged slightlj’- higher than normal that th 
urmaiy salt output althougli high was far below the salt intake ’and tha 
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the whole blood and plasma chlorids W'ere within normal limits. When 
salt was deleted from the diet the fluid intake and output became moder- 
ately diminished, the urinaiy salt output became less and both the whole 
blood and plasma chlorids showed a sharp and marked increase. 



Centigrade Temperature 

Fig. 3. — The influence of solution temperature on the stimulus limens for sodium 

chlorid. 


TAsnE 3 . — Consecutive Daily Compaihsons of Fluid Intake and Output, 
Salt Intake, Ubinahy Chlobid and Blood Chlobid. 

Blood chlorid, 





Intake, 

Urinary 

Urinary 

mg. per 100 cc. 


Intake, 

Total 

salt. 

chlorid. 

chlorid, 

Whole 

Blood 

Date. 

■water. 

xirine. 

em. 

em. 

%■ 

blood. 

plasma. 

April 21 

. 2740 

3200 

90 

22.88 

0.71 

495 

559 

April 22 . 

. 2110 

1250 

30 

21.93 

1.73 

478 

577 

April 23 

. 2090 

2000 

135 

22.6 

1.13 

47S 

643 

April 24 

. 2490 

1900 

30 

11.21 

0.59 



May 9 

. 18S5 

1250 

60 

. 9.75 

0.78 

495 

627 

May 10 . 

. 2160 

1725 

0 

15.69 

0.91 

511 

627 

May 11 . 

. 1400 

900 

0 

11.7 

1.30 

578 

643 

May 12 . 

. 1365 

1100 

... 

11.4 

1.04 



May 30 . 

. 1350 

1900 

120 



462 

561 

May 31 , 

. 1400 

2750 

120 

21.25 

6.78 

426 

610 

June 1 

. 730 

2300 

60 

14.94 

0.65 

500 

618 

Juno 2 

. 1100 

3750 

60 

34.12 

0.91 

462 

CIO 

June 3 

. 1000 

2600 

0 

20.28 

0.78 

432 

594 

June 4 

. 700 

2200 

0 

8.58 

0.39 

561' 

643 

June 5 

. lOSO 

500 

0 

2.60 

0.52 

561 

660 

June 6 

. 1400 

1250 


6.5 

0.52 
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On June 10. at the request of the patient, an exploratoty operation on 
the pulmonary artery was performed by Dr. G. Curtis. The pulmonary 
artery was large. The heart was found, to have rotated to the right in a 
clockwise direction throwing the pulmonary artery to the right 
aorta to the left and anteriorly. No gross obstruction was found and closure 
was made. During convalescence the patient developed bronchopneumoma 
from which she died on June 12, 1933. 
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Fig. 4 



Partial Autopsy (Dr. E. Scott). The heart weighed 330 gm. The right 
ventricle was prominent and on palpation was firmer than normal. The 
and Coronary arteries did not appear abnormal. The 
measuring 30 by 38 mm. and its walls were 
somewhat thickened. The. aorta measured 22 by 24 mm. The tricusnid 
piicnt w ™ circumference) showed slight diffuse thickening of the 
c sps but was competent. The pulmonary valves were normal (7 cm)- 
the mitral valve (7 cm.) was competent. The cusps wereSar to tTose 
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of the tricuspid valve. The right ventricular wall measured 14 mm, in 
thickness; the left at the base of the papillary muscle, 12 mm. The aortic 
valves were normal (Fig. 5.) 

Microscopic Findings. Aorta. A moderate degree of atheromatosis was 
found in the subintimal coat, the media appeared normal save for verj' 
slight infiltration of the outer margin and the adventitial coat contained 
a few more Ijunphocytic and monocj’^tic cells than might lie termed entireb’’ 
normal. The changes were not regarded os sufficient to waiTant a diag- 
nosis of luetic aortitis. 

The 'pulmonanj artery was slightly thickened and fibrotic. The median 
layer was normal. A slight cellular infiltration of the adventitia was noted 
similar to that found in the aorta. 


Top view of heart 



Fig. 5 


Spleen. Moderate thickening of the capsule, .some increase in stroma, 
rather diffuse increase in fibroblasts, a diminution in the pulp substance 
and some destruction of Malpighian corpuscles. The bloodvessels were 
generally thickened, chiefly due to adventitial fibrosis. In some of the smaller 
branches of the arterioles of the Malpigliian bodies, there was some hyalin 
change involving the subintimal and median coats. 

Liver. There was slight swelling of the liver cells. The interlobular 
branches of the hepatic arterj"_ were thickened due to adventitial fibrosis. 
The interlobular fibrous tissue in general was slightly increased. 

Lungs. Microscopic changes characteristic ’ 1 -— 

found. Sections from near the liili revealed ' ' . , erosis 

and thickening of the branches of the pulmonarj^ arter 3 ^ The sclerosis 
was characterized by a thickening of the adventitial coat. These changes 
were conspicuous in both the large and median sized branches of the artery. 
In the smaller arterial divisions there was a proliferation on the part of the 
media which appeared to account entirely for the vessel thickening. In 
the precapillarj'- vessels in many instances there appeared to be an endar- 
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teritis with, almost complete occlusion of the vessel lumen. Occ^ionally 
chanses which appeared to be those of thrombosis were found and in one 
vessel the resemblance to an organized thrombus vuth canalization was 
suggested (Figs. 6 and 7). 

Discussion. In 1929, Mosclicowitz’s® excellent review of the 
causes and dynamics of pulmonary hypertension explained the 
clinical features in the light of physiologic compensation. Given 
the existence of hj^iertension in the lesser circulation, this author 
relates the sequence of events as follow^s; increased pulmonary 
diastolic pressure; overload to the right ventricle; right myocardial 
weakness ivith incomplete systolic discharge; overload to the right 
auricle; increased venous pressure ■nuth slmved capillary circulation. 
The anoxemia which results from incomplete oxygenation of the 
blood in the lungs and from increased deoxygenation of the blood 
in the tissues induces dyspnea, cyanosis and erythremia. The 
cyanosis is intensified by the polycythemia and by the venous 
stasis at the body surfaces. As the obstruction to the pulmonary 
circulation is prolonged and gradually increased in degree certain 
compensatory changes occur in the right heart (dilatation and hyper- 
trophy) and in the pulmonary arteries (dilatation and sclerosis). 
The proliferative process in the pulmonary arteries adds in turn to 
the primary factors in the circulatory obstruction. As the result 
of this vicious cycle, tricuspid insufficiency must eventually develop 
with a still greater increase in venous pressure and in anoxemia. 
Venous stasis becomes more marked, swelling of the abdominal 
organs and ascites occur, dependent edema becomes pronounced 
and systemic diastolic pressure rises. The heart w4rich is over- 
burdened by increased venous return and increased peripheral 
resistance and which is undernourished because of decreased 
coronary flow and the marked anoxemia must eventually cease to 
function. 

Clinically the course of pulmonary hypertension may be divided 
into two periods, the one before and the other after the onset of 
tricuspid incompetency. The first period may last for many years 
with the sjunptoms predominantly respiratory; in comparison the 
second period is much shorter with the sjunptoms predominantly 
cardiac. • 

Considered in the light of this general but brief discussion, our 
case fits into the-picture as one presenting the clinical sjmdrome 
of obstruction to the lesser circulation prior to the onset of tricuspid 
mcompetency. The clinical and laboratory findings important to 
the diagnosis, which for the most part have been previously reported 
m the literature, will be discussed but briefly save as they may show^ 
seem to take on added significance, 
ihe respiratory studies based upon the normals established, by 
Dreyer and Hanson^ revealed that the tidal air of our patient -was 
greatly increased. Ve feel that this, as wmll as the dyspnea -and 
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erji;liremia, represents an effort at compensation on the part of the 
respiratorj'- mechanism and that such a finding is to be expected 
in the absence of accompanying pulmonary pathology. 

That the increased red count noted in our patient represented 
a true erytlmemia was indicated by the increased whole blood volume. 
While an actual erythremia is usual in the syndrome of obstruction 
in the lesser circulation^"® the same obsen^ation has been made 
occasionally in patients li^’ing at high altitudes. In these cases, 
according to Monge,^® the blood findings become normal on return 
to sea level. A normal individual with an adequate biologic mechan- 
ism of adaptation should show only temporary polycythemic 
changes on going to a high altitude. The fact that our patient’s 
dyspnea became chronically aggravated in the Rocky hlountain 
region and the fact that her erythrocyte count and hemoglobin 
receded to normal shortly after her return to near sea level must 
indicate that her sojourn of more than a year in a mile-high altitude 
was a contributing cause of the erj^thremia. It seems reasonable 
that the lowered oxj'-gen tension of high altitude would greatly 
aggravate the tendency toward polycj'themia already present in 
an individual such as our patient wdth an obstruction in the pul- 
monary circulation. 

It will be noted that the systolic and pulse pressures in our case 
were persistently low. It appeared to us that this might be of 
diagnostic significance in cases of obstruction to the lesser circulation 
for this reason: due to a narrowing of the pulmonary capillary bed 
the flow of blood to the left heart would be lessened which in turn 
wmuld result in a low systolic and a small pulse pressure because of 
a lessened left ventricular discharge. Similar cases in which the 
blood pressures were reported‘‘~“ would seem to confirm our obser- 
vation. Fund and Phinizy^® particularly call attention to the low 
pulse pressure found in their case of pulmonarj'^ arteriosclerosis. 
It is also of significance that in the experimental work of Smith 
et which will be referred to later, it was noted that the systolic 
pressures became much lower in the animals which developed pul- 
monary arteriosclerosis. 

The experimental work on the taste sensitmty of this patient 
for sodium chlorid is of considerable interest. Her salt intake was 
several hundred times that of each of 6 normal subjects. When the 
average taste threshold for sodium chlorid of these 6 persons was 
contrasted with that of our patient, it was found that her threshold 
was surprisingly low (0.185 as compared with 0.092). It would 
seem to us that an indmdual regularly taking such large quantities 
of salt would more logically be expected to manifest a decrease in 
taste sensitivity rather than an increase. 

lATiether or not the high salt intake noted represents a perversion 
of appetite or a metabolic or endocrine disturbance cannot' be 
judged. Human cases of osmotic poisoning and even death from 
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the ingestion of sodium chlorid have been recorded. The literature 
contains many experimental studies involving a high sodium chlorid 
intake for relatively short periods of time but the prolongation oi 
high salt intake noted in this patient is, so far as we have been able 
to determine, without parallel in the medical literature except for 
the reports of Thompson and McQuarrie^® and McQuarrie.^® 
These observers mention 4 cases of juvenile diabetes mellitus in 
whieh an abnormal craving for and ingestion of large quantities 
of sodium chlorid (as high as 80 gm. daily) was present. These 
patients presented a peripheral hypertension and a high fluid intake 
and output, all of which disappeared on removing the excess salt 
from the diet. When we compare the findings in our case we note, 
first, that our patient did not have diabetes; second,_that she pre- 
sented a peripheral hypotension; third, that her fluid intake and 
output did not closely parallel her salt intake; and fourth, that she 
appeared to be unable to delete the large amount of salt from her 
diet. 

While the observations noted are of diagnostic and clinical inter- 
est, they contribute nothing toward an understanding of the etiology 
in this case. Moschcowitz® emphasizes that pulmonary arterio- 
sclerosis (save the atheromatosis found in the aged) always indi- 
cates that hypertension of the lesser circulation is or has been present. 
With probably few exceptions (congenital heart disease with arterio- 
venous shunt and primary pulmonary hypertension) such hyper- 
tension is secondary to obstruction in the pulmonary circuit, which, 
if sufficiently prolonged, results in sclerosis of the arteries. From 
the following discussion it will be apparent that no definite cause 
of hypertension, other than the arterial and arteriolar hyperplasia, 
is evident. Many possible causes, however, present themselves 
and we have chosen to discuss these possibilities in 3 groups; the 
first considers congenital abnormalities of the heart and pulmonary 
vessels; the second, extra vascular conditions of the lungs; the third, 
primary defects occurring in the pulmonary arteries and arterioles 
themselves. 


If the statement that cyanosis appeared at 3 weeks of age is to 
be depended upon, it is probable that this individual was born with 
an inadequate^ circulo-respiratory mechanism. At autopsy no 
congenital cardiac defects were found. It is conceivable that mal- 
position of the heart such as was found in our case might have 
resulted in constriction of any of the great vessels of the hilar regions 
but no evidence of such constriction was found. The dilatation of 
the pulmonary artery and the sclerosis of the smaller arteries 
throughout both lungs indicate obstruction acting in or on the 
arterioles and capillary bed or the venous system. A congenital 
hyperplasia of the arteries and arterioles could fit into such a picture 
been considered as an etiologic possibility by Steinberg^o 
and Sisto. That congenital sclerosis of arteries may oceur has 
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been shoivn by tlie observations of Kissane and Fidler.*- TJiese 
authors report 1 case of congenital sclerosis of the coronary arteries 
and they review many similar cases from the literature^ many of 
which were apparently secondary to intrauterine fetal infections. 
Narrowing of the pulmonary veins in pulmonary arteriosclerosis 
has been observed (Watjen-^) but according to Ljungdall*^ this 
should be considered as secondary to the diminished inflow of 
blood and not as a cause of increased resistance. Consequently 
such cases would invoh'’e a primary congenital Inqiarplasia of the 
arteries and arterioles. 

Aside from cyanosis, definite symptoms suggesting a cardio- 
respiratory condition did not manifest themselves until our patient 
was 4 years old. This suggests that events occurring or developing 
prior to the age of 4 might have served to accentuate a congenital 
cardio-respiratory condition or that the early observation of cyanosis 
Avas incorrect in Avhich case such events might primarily account 
for the condition. The first of several attacks of pneumonia and the 
onset of an abnormal appetite for salt occurred before our patient 
reached the age of 4 years and should perhaps be considered in this 
regard. 

The repeated attacks of pneumonia during early childhood may 
well have been associated with a chronic interstitial pneumonitis 
and have resulted in hypertension for a sufficient period to initiate 
arteriosclerotic changes. With the ultimate resolution of the infec- 
tion, pulmonary arteriosclerosis and hjTpertension Avould have 
remained. 

Since a prolonged high salt intake had been so prominent in our 
case, the possibility that this might result in pulmonary arterio- 
sclerosis must be thought of. It has recently been shown (Smith 
et al}'^) that in rats chronic pulmonary edema induced by the pro- 
longed inlialation of oxj'gen can cause alveolar fibrosis and pul- 
monary arteriosclerosis. With continued exposure to oxygen the 
edema disappears but the arteriosclerosis and alveolar changes 
persist. Listing the experimental methods of inducing pulmonary 
edema, Wiggers-^ mentions the intravenous injection of saline 
solutions. One of us (W. D.) Avas able to induce fatal pulmonary 
edema in rabbits folloAving the oral administration of large daily 
doses of salt over a period of from 1 to 6 Aveeks. No evidence, 
howeAmr, of pulmonary or peripheral arteriosclerosis could be found 
in these animals postmortem. A small series of young mice Avas 
likewise maintained upon a standard diet containing from 3 to 5% 
salt for as long as 6 months; microscopic examination of the lungs 
and other tissues rcA’-ealed no eAudence of arteriosclerosis. It has 
preAuously been noted that peripheral hj’pertension Avas present 
in the cases of high salt intake reported by Thompson and McQuar- 
j.ie.18,19 These obseiwers also noted an elcAration of the peripheral 
blood pressure in normal indiAuduals Avho ingested a comparatiAm 
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dosage of salt. Such- investigatious and observations, while not 
extensive, would seem to indicate the unlikelihood that a piolonged 
high salt intake could induce an independent hypertension in the 
lesser circulation. 

Although the above etiologic possibilities may apply to certain 
cases, it is apparent that in our case the cause cannot be proven to 
be due to a congenital cardiac or vascular abnormality Or to an 
extravascular pulmonary condition. Consequently the probability 
of a cause arising or existing primarily in the pulmonary arteries 
and arterioles themselves must be considered. But few carefully 
studied cases of primary pulmonary arteriosclerosis have been 
reported. Hare and Iloss,ii after a eareful review of the literature 
before 1929, felt that only 23 cases justified such a designation. 
They added one more of their own. Excellent papers upon the 
subject have also been published by Steinberg, 2 ® Sisto,^^ Fund and 
Phinizy^® and Ulrich.^® It thus becomes evident that in the cases 
of primary pulmonary arteriosclerosis certain characteristics are 
apt to appear which are infrequent or absent in the secondary cases. 
The secondary sclerosis is most apt to occur (save in patients with 
congenital heart disease) after 40, while the primary condition is 
more prone to develop in younger individuals. Clubbing of the 
fingers is less likely to be present in the primary than in the secon- 
dary cases. If the condition is primary, the sclerosis is more or less 
confined to the small arteries and arterioles and the hjqiertrophy 
of the right heart is most marked. ' If tlie condition is secondary, 
the sclerosis is more apt to involve the large arteries and the hyper- 
trophy of the right heart is less conspicuous. It is evident that in 
all these respects our case appears to be one of primary pulmonary 
arteriosclerosis. 

Syphilis (as pror^en by characteristic histopathologic findings) 
is undoubtedly the most frequent cause of primary pulmonary 
arteriosclerosis. Our case showed no characteristic findings of 
syphilitic arteritis in sections of the lung, which, according to 
present standards, is sufficient to rule out such a diagnosis. 

Sokoloff and Stewart^’’ have reported a. case in which, although 
a history of severe asthmatic paroxysms requiring frequent and 
large doses of adrenalin was present, an endocrine cause was con- 
sidered. Unfortunately permission for an abdominal and cranial 
autopsy was refused by the relatives of our patient and no data 
regarding the adrenals or pituitary is available. It is possible that 
the high salt intake noted in our patient may have been a mani- 
festation of soine unusual malfunction of the adrenal or pituitary 
glands. There is this possibility but no clinical evidence of endo- 
crmopathy was demonstrable. 

Instances of apparent idiopathic pulmonary arteriosclerosis have 
been reported. Hare and Iloss,^^ in 1929, gathered 7 such cases 
trom the literature. One moredras since been reported by Fund 
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and Phinizy^® and 2 by Ulrich.^® Two of the cases found in the 
literature by Hare and Ross and the case of Fund and Phinizy 
were luetics, but microscopic examination of the pulmonary vessels 
ruled out a syphilitic arteriiis. Consequently these 3 cases may 
be included in the idiopathic group. It is interesting that these 
cases of unknown etiology are found in young adults; the average 
age of the above cases being 29 years and, if those with lues are 
excluded, 23.2 years. If age is significant, our patient would seem 
to fit in with this small group of idiopathic cases and we feel that, 
while several etiologic bases for the condition found in our patient 
have been presented for consideration, the proof for the underlying 
cause remains incomplete. Therefore, we prefer to classify our 
case as one of primary pulmonary arteriosclerosis of unlcnown 
etiology— at least until it can again be reviewed in the light of 
greater knowledge than we now possess. 

Summary. The case herewith presented is that of a young female, 
aged 20, who since early childhood had manifested the signs and 
symptoms of obstruction in the lesser circulation. Autopsy re- 
vealed marked pulmonary arteriolar sclerosis, dilatation of the 
pulmonary artery and right ventricular hjqiertrophy. 

During most of her life the patient had ingested abnormally 
large amounts of salt (as much as 3 pounds in 1 week). No cause 
for this abnormality could be found. It is of interest that her 
taste threshold for salt was much lower than the thresholds of 
persons who were normal in respect to salt desire and intake, that 
her fluid intake and output were not materially disturbed by varia- 
tions in salt intake and that the osmotic pressure and the chemistry 
of the blood were not altered. 

The case is discussed at length from the standpoint of possible 
causes of arteriosclerosis. Moschcowitz insists that, save with 
very few exceptions, pulmonary arteriosclerosis is the result of long- 
standing hypertension in the lesser circulation. Most such cases 
of hypertension are secondary to congenital abnormalities of the 
heart or pulmonary vessels or to extravascular or intravascular 
circulatory obstruction. In this patient we were unable to demon- 
strate any cause of obstruction or hypertension in the lesser circula- 
tion other than the arteriolar hyperplasia itself. Consequently 
we consider this case to be one of primary pulmonary arteriosclerosis 
and, since microscopic examination of the pulmonary tissue failed 
to reveal any evidence of luetic arteritis, we feel that it should be 
further classified as one of unknown etiology. 
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The kidney has always played a major role in any discussion of 
the cause of hypertension. . There is justification for this because, 
in the majority of subjects with hypertension, the renal parenchyma 
is profoundly altered. Despite this fact and the volume of work 
which has been done to establish the cause of this alteration, an 
adequate explanation has not yet been found. Renal tumors have 
at various times been mentioned as a basis for hypertension,^®’’'^ and 
indeed an , increased arterial tension has been cited as evidence 
valuable for clinical identification of a renal tumor.® 

The commonest tumor of the kidnejq the so-called hyperneph- 
roma, derives its name from the close histologic relationship it bears 
to the suprarenal cortex. Hypertension was noted by some observers 



648 


MORLOCK, HORTON: 


in persons who had hypernephroma, and because of the resemblance 
of the tumor to suprarenal tissue it was postulated that the hyper- 
tension was caused by an excessive production by the tissue of the 
tumor of a pressor substance analogous to that produced by the 
normal suprarenal gland. There are numerous reports'^' “ of marked 
clinical hypertension among patients who were later shown to have 
suprarenal tumors, and in some cases relief of the hypertension 
was afforded by removal of the tumor. Not all these tumors were 
of like histologic structure. Some appeared to be derived from the 
cortical tissue and others from the medullary tissue of the supra- 
renal gland. 

Various types of tumors have been obser^'ed in cases of paroxysmal 
hypertension. C. H. Mayo' reported one of the first verified cases. 
On exploration he found an oval retroperitoneal mass, 6 by 4 cm., 
situated behind the tail of the pancreas on the mesial side of the 
left kidney and impinging against the upper pole. The tumor was 
removed. It appeared to be composed of nerve tissue containing 
ganglion-like cells, but because of the absence of marked differentia- 
tion this analogy was in no way complete. After fixation in formal- 
dehyde the grayish color of the tumor changed to an orange-yellow, 
giving the mass the appearance of a suprarenal cortical adenoma, 
but the characteristic differentiated cells in glandular arrangement 
were lacking. A diagnosis was made of a malignant retroperitoneal 
blastoma. The attacks of paroxysmal hj'pertension ceased after 
removal of the tumor. Since this time reports of 8 similar cases, 
the tumors being identified at surgical exploration, have appeared 
in the literature. 

Although authentic instances are few in number, it is nevertheless 
generally considered that a hypernephroma of renal origin usually 
causes an elevation in the blood pressure. Volhard observed 2 
cases of hypernephroma in Avhich occurred the diffuse clinical picture 
of hypertensive nephritis with albuminin-ia and a rise in blood 
pressure, both phenomena disappearing as soon as the tumor was 
removed. Voelcker and Boeminghaus stated that a sharp rise in 
blood pressure was noticed by many observers among patients 
suffering from renal tumors, and that since this phenomenon is con- 
nected with an increased production of epinephrin in Grawitz 
tumors (hypernephromas), so an extraordinarily high blood pressure 
supervening in the case of a pre-existing renal tumor can giA’e an 
indication of the histopathologic nature of the tumor. Ljunggren® 
cited Voelcker’s vieAVS and analogous ones of Blum but AA\as unable 
to find epinephrin in the renal tumors AAdiich he analyzed. In 12 
cases of hypernephroma in AA'hich adequate studies of blood pressure 
had been made he found' no decrease in the arterial tension after 
surgical remoA’^al of the tumor. He therefore concluded that hyper- 
nephromas do not obviously produce a substance which increases 
the blood pressure. 
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Federoff used Ehrmann’s enucleated frog_’s-eye test for epinephrin 
to demonstrate an excess of an epinephrindike substance in a hyper- 
nephroma. He was unable to find a similar substance in control 
renal tissue and cited this as an aid in establishing the diagnosis 
of hypernephroma. Greer and Wells, ^ in 1909, and Biooks, in 
1911, were unsuccessful in attempts to confirm Federoff’s work. 
These workers searched for an epinephrin-like substance, by the 
intravenous injection of tissue extract into dogs, and watched for a 
rise in blood pressure by Ehrmann’s- enucleated frog’s eye test and 
by colorimetric means. Brooks found no epinephrin-like substance 
in specimens of blood from 3 patients suffering respectively from a 
malignant hypernephroma, metastatic lesions from a hyperneph- 
roma-like suprarenal tumor, and 2 typical renal hypernephromas. 
This is as one would expect because a hypernephroma resembles 
suprarenal cortex, which portion of the suprarenal gland plays no 
part in the production of epinephrin. 

It was in the hope that aid in clarifying this situation would be 
obtained by an adequate analysis of the blood pressures of persons 
suffering from renal tumors that the present study was undertaken, 
particularly since it seemed to us that heretofore any statements of 
the relation of renal tumors to systolic blood pressure were made 
on a conviction reached by a study of isolated cases. 

The material used for study consisted of the records of patients 
with renal tumors who were admitted to the clinic between 1912 


and 1934. We considered a total of 491 cases of all types, in which 
340 (69%), of the patients were males and 151 (31%) females. In 
459 cases there was a record of the pre-operatHe systolic blood 
pressure. Since the only readings of blood pressure noted were 
often those taken when the patient was first seen at the clinic, for the 
sake of nniformity we have used only these primary readings. 
Though the readings were taken by different persons, and though 
estimations of blood pressure taken with the patient under the 
considerable nervous strain of the first visit are admittedly higher 
than those which must be considered normal for each patient, we 
feel that the error so introduced will be negligible and is certainly 
unavoidable when records over such a long period must be relied on. 

We have arbitrarily divided our renal tumors into two groups: 
(1) hypernephromas, and (2) tumors of other types, which included 
papillary squamous-cell epitheliomas, sarcomas, hemangio-endothe- 
homas, and so forth. In 335 cases in which the blood pressure was 
recorded pre-operatively, a pathologic diagnosis of renal adeno- 
carcinoma of the hjqiernephroma type was made, 247 of the patients 
being males, 88 females. 


Considering the males with hjqiernephroma (Table 1), we noted 
that they range in age from 10 to 80 years, the majority (72%) beina 
between 45 and 65. Of this group 60% had a blood pressure between 
iUU and 139 mm. of mercury (which we are considering as a normal 
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range for our present study), 0.8% had definite hypotension, that is, 
a systolic pressure less than 100, and 39.2% had hypertension, that 
is, a systolic pressure of 140 or more. When we plotted the actual 
readings of blood pressure and superimposed the arithmetic mean 
of the different age groups in the form of a curve (Fig. 1) we found 
that this closely approached the curve obtained bj'^ plotting the 
arithmetic mean for the different age groups obtained by a similar 
analysis of a large series of normal males, being perhaps slightly, but 
hardly significantly elevated above the normal value. 



Fig. 1. — The continuous line is the curve of the mean systolic blood pressures. 
The broken line is a control curve representing the mean systolic blood pressures of 
normal males. 


The postoperative blood pressure was recorded for 81 of the males 
who had hypernephroma (Table 2). The interval elapsing between 
operation and the time the postoperative reading was obtained 
varied from a few days to several years in some instances. Of these 
81 males, 63.1% had a systolic pressure between 100 and 139, 1.2% 
had a systolic pressure less than 100, and 34.7% had a reading of 140 
or more. These incidences are almost identical with those in similar 



VARIATIONS IN SYSTOLIC BLOOD PRESSURE IN RENAL TmiOR 651 

groups prior to removal of the tumor. ^Vhen these readings were 
plotted (Fig. 2) and the arithmetic means superimposed in the form 
of a curve, the mean values were again found very closely to approxi- 
mate the mean for normal males. In short, our observations derived 
from an analysis of the pre-operative and postoperative records of 
the blood pressure of males with hypernephroma would lead us^ to 
suspect that a hypernephroma does not cause a consistent elevation 


Table 1. — Ststoltc Blood Phessuheb of 247 Males 'with Htpebnephboma, 


Systolic 
blood 
pressure 
m mm. of 

Age, years. 

* 

Per 

cent. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

Total. 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 



mercury. 

14 

19 

24 

29 

34 

39 

44 

49 

64 

59 

64 

69 

74 

79 



90 to 99 . 







1 



... 

1 


■ 


2 

0.8 

100 to 109 . 






i 

2 

3 

3 

6 

1 

. . 



17 

6.9 

no to 119 . 





1 

1 

4 

6 

6 

9 

6 


■1 

i 

35 

14.2 

120 to 129 . 

1 



4 

1 

3 

8 

10 

14 

8 

4 

i 

■1 


65 

22.3 

130 to 139 . 






I 

3 

9 

12 

7 

5 

0 

1 

i 

41 

16.6 

140 to 149 . 






2 

1 

7 

5 

7 

9 

4 

1 


36 

14.6 

150 to 159 . 






1 

2 

3 

2 

4 

5 

4 


. . . 

21 

8.5 

160 to 169 . 






4 

2 

1 

2 

6 

1 

2 




6.8 

170 to 179 . 


. . 






2 

5 

1 

1 

1 


n 


4.1 

180 to 189 . 








1 


3 

. • 

2 


n 


2.4 

190 to 199 . 






... 




1 


2 


M 


1.2 

200 to 209 . 







1 





i 

1 


M 


1.2 

210 to 219 . 










B 

1 




1 

0.4 

Average 













■ 




pressure . 

128 



124 

121 

150 

127 

132 

133 



158 

Hi 

125 

136 


fotal 
patients . 

1 



4 

2 

14 

23 

42 

49 

51 

35 

19 

5 

2 

247 



Table 2.— Ststolic Blood Pressures of 81 Males After NEPHRECTOArr for 

Hyperatephrom A . 


Systolic blood 
pressure in imn. 
of mercury. 




Aee, years. 




■ 


25 

to 

29 

30 

to 

34 

35 

to 

39. 

40 

to 

44 

45 

to 

49 

50 

to 

54 

55 

to 

59 

60 

to 

64 

65 

to 

69 


Per 

cent. 

90 to 99 . . 

100 to 109 . . 

110 to 119 . . 

120 to 129 . . 

130 to 139 . . 

140 to 149 . . 

150 to 159 . . 

160 to 169 . . 

170 to 179 . . 

180 to 189 . . 

190 to 199 . . 

200 to 209 . . 

210 to 219 . . 

2 

! ! ! 

1 

. . . 

!!! 

1 

. 

1 

::: 

1 

1 

1 

3 

3 

"l 

. . . 

1 

3 

3 

1 

3 

1 

2 

5 

3 

2 

1 

1 

... 

2 

1 

2 

1 

3 

2 

0 

2 

1 

1 

1 

2 

2 

1 

7 
18 
18 

8 
10 

5 

3 

7 

1 

1 

2 

1.2 

8.7 
22.2 
22.2 
10.0 
12.3 

6.2 

3.7 

8.7 
1.2 
1.2 

2.4 

Average 
pressure . 

Ill 

106 

130 

115 

135 

136 

131 

140 

151 

133 


Total patients . 

2 

1 

3 

9 

17 

16 


11 

6 

81 

— • 
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of blood pressure, and we did not verify Volhard’s observation that 
a fall in arterial tension consistently followed surgical removal of a 
renal hypernephroma. 



Fig. 2. — The continuous line is the cun'e.of the mean systolic blood pressures. 
The broken line is a control curve representing the mean systolic blood pressures of 
normal males. 

There were 88 females with hypernephromas for whom there was 
an available pre-operative record of the blood pressure (Table 3) . 
Sixty-two (70.4%) ranged in age from 45 to 65. Of the eighty-eight, 
45.3% had a sj^stolic blood pressure between 100 and 139, 1.2% had 
a systolic blood pressure less than 100 and 53.5 % had a reading of 140 
or more. We plotted each reading and superimposed a curve repre- 
senting the aritlunetic mean for the various age groups (Fig. 3). 
Here again the mean value is found to approximate closely that 
obtained by a similar analysis of normal females, although it is 
consistently slightly higher. The postoperative blood pressure was 
recorded in 17 of these cases. Eight of the patients (47%) had a 
postoperative reading between 100 and 139, and 53% had a reading 
of 140 or more. That the incidence for the different ranges of blood 
pressure was practically unaltered by removal of the tumor seems 
to us to be significant. 
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Tabi-e 3.— Systolic Blood Pressures of 88 Females- with Hypernephroma. 


• . — ■ — 


Systolic 

Age, years. 

Total. 

Per 

cent. 

blood 
pressure 
in mm. of 
mercury. 

10 

to 

14 

15 

to 

19 

20 

to 

24 

25 

to 

29 

30 

to 

34 

35 

to 

39 

40 

to 

44 

i 

45 i 
to 

49 1 

50 

to 

54 

55 

to 

59 

60 

to 

64 

65 

to 

69 

70 

to 

74 

75 

to 

79 

goto 99 . 
100 to 109 . 
110 to 119 . 
120 to 129 . 
130 to 139 . 
140 to 149 . 
150 to 159 . 
160 to 169 . 
17010 179 . 
ISOtolSO . 
190 to 199 . 
200 to 209 . 
210 to 219 , 
220 to 229 . 
230 to 239 . 

' ' ' 


■‘i 

•'i 

■2 

... 

'2 

1 

1 

... 

... 

"i 

"i 

’3 

1 

1 

1 

“i 

"2 

3 

1 

1 

1 

2 

2 

2 

6 

5 

1 

1 

“i 






1 

2 

11 

13 

14 
14 
10 

6 

8 

3 

1 

1 

1 

2 

1 

1.2 

2.2 

12.5 

14.7 

15.9 

15.9 

11.3 

6.8 

9.1 
3.4 

1.2 
1.2 
1.2 
2.2 
1.2 

“4 

4 

1 

1 

2 

3 

4 

"i 

1 

"i 

1 

2 

i 

1 

2 

"i 

3 

"i 

"i 

"i 

1 

1 

1 

1 

"i 

1 

. . . 

Average 
pressure . 


... 1 163 

130 

136 

130 

143 




m 



■ 


Total 
patients . 


... 1 1 

1 

1 

3 


8 

7 

21 

22 

12 


2 

... 

88 



Table 4.— Systolic Blood Pressures op 7C Males with Renal Tumors Other 

Than Hypernephbosia. 


Systolic 
blood 
_ pressure 
in mm. of 
mercury. 





Age, years. 







25 

to 

29 

30 

to 

34 

35 

to 

39 

40 

to 

44 

45 

to 

49 

50 

to 

64 

55 

to 

59 

60 

to 

64 

65 

to 

69 

70 

to 

74 

Total. 

Per 

cent. 

100 to 109 




1 

3 

4 



2 


10 

13.1 

110 to 119 



1 

1 

4 

4 


1 

1 


12 

15.8 

120 to 129 

1 



1 

4 

2 


2 

1 


11 

14.5 

130 to 139 

1 


. . . 

2 

2 

2 


1 

4 


12 

15.8 

140 to 149 


, - - 

. . . 

2 

3 


6 

1 

3 


14 

18.4 

150 to 159 


1 


1 


3 


3 



8 

7 

10.6 

9.2 

160 to 169 



1 




1 

3 

1 

1 

170 to 179 
180 to 189 






... 

1 




1 

1.3 

190 to 199 




... 



... 

1 



1 

1.3 

Average 













pressure 

125 

150 

140 

129 

122 

122 

150 

147 

132 

160 

132 


Total 

patients 

2 

1 

2 

8 

■ 

16 

15 

7 

12 

12 

r 

• 76 



The mean pre-operative sj^stolic blood pressure for the males with 
hypernephroma was 136, for the females 145. Though these values 
are atoittedly elevated over those considered normal, if we are to 
consider that this is due to the pressor action of a substance secreted 
by the hypernephroma, je have no explanation why removal of 
the tumor does not consistently result iu a lowering of the blood 
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pressure. That such a drop does not occur is evident from our 
analysis, and it is verified when we find that the mean postoperative 
value for the blood pressure of males and females who had hjT)er- 
nephroma is 133 and 144, respectively. 



A^e in years 

Rig. 3. — The continuous line is the curve of the mean systolic blood pressures. 
The broken line is a control curve representing the mean systolic blood pressures of 
normal females. 


There were 7 6 males with renal tumors other than hypernephromas 
(Table 4), 59.2% having a systolic blood pressure between 100 and 
139, and 40.8% a systolic blood pressure of 140 or more. This inci- 
dence is almost identical to that for like ranges of blood pressure 
among males with hypernephroma. The arithmetic mean for this 
group closely approximated the normal (Fig. 4). A postoperative 
record of the blood pressure was obtained in 24 cases; 66.7% had 
a reading between 100 and 139, 8.3% a reading less than 100, and 
25 % a reading of 140 or more. 




Fig. 4. — The continuous line is the curve of the mean systolic blood pressures. 
The broken line is a control curve representing the mean systolic blood pressures of 
normal males. 


46 females with renal tumors’ 



continuous line is the curve of the mean systoUc blood pressures 
Mrmal fema?er representing the mean systoUc blood pressures o: 
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There were 48 females with’ renal tumors other than liyper- 
nephromas (Table 5 ), 45.8% of these having a systolic blood pres- 
sure between 100 and 139, and 54.2% one of 140 or more. It is to 
be noted that this percentage distribution is practically identical 
with that for the group of females with hypernephromas, and the 
arithmetic mean blood pressure closely approaches the normal 
value (Fig. 5). In 20 cases in which a postoperative record was 
made, 40% of the patients had a blood pressure between 100 and 
139, 60% one of 140 or more. 

Table 6. — Systolic Blood Phessubes op >}S Females with Re.val Tcmohs 
Otheh Than HTPEiiNEPunoMA. 


Systolic 
blood 
pressure 
in mm. of 
mercury. 





Arc 

j'CJirs 





15 

1 to 

1 19 

20 

to 

24 

25 

to 

29 

30 

to 

34 

35 
to 1 
39 1 

40 . 
to 

44 

45 ; 
to 

49 

50 
to 

51 

55 GO 
to to 

.',9 61 

65 Totnl. 
to 

00 

Per 

cent. 

100 to ion . . 






2 




2 

4.1 

110 to 119 



' ’l 

2 


i 


' 1 

” 1 ! 

h 5 

12.5 

120 to ISO 



1 


"i 


' i 


1 . . 

3 7 

14.6 

130 to 139 . . 

' 

’ 

1 



i 

1 

' 1 

1 2 

... 1 7 ' 

14.6 

140 to UO . . 


. . 



2 


I 



2 . 5 

10.5 

ISO to 159 






i 



"3 ’ 2 

2 ' si 

10.7 

160 to 169 . 

i 




"l 




i 

... ! 3 ! 

6.3 

170 to 179 







2 


1 1 

... 4 1 

S.3 

180 to 189 . . 





1 




2 

1 1 4 

8.3 

190 to 190 . . 








2 


0 

4.1 

AveraKe 

preesurc 

169 


125 

118 

l.'jl ] 

2.3 

l.'iO 

15S 

145 15S 

111 145 


Total patients 

1 


3 

2 

o 

5 

5 

4 

S 7 

S 48 



I 


In our series there were 6 cases of hypernephroma in which a defi- 
nite involvement of the suprarenal glands was proved, and of these 
a marked hypertension was present in only 2 cases. In 3 of these 
6 cases the tumor seemed to arise primarily in the suprarenal 
gland. One of the patients had practically a normal blood pressure 
with a reading of 142 systolic and 84 diastolic. One had hyperten- 
sion of moderate degree with a blood pressure of 190 sj^stolic and 
100 diastolic. The third patient liad marked hypertension, with 
retinal arteriosclerosis, retinal hemorrhage, cardiac enlargement, 
and a blood pressure of 232 systolic and 145 diastolic. Thei’e was 
no postoperative record in any of these 3 cases. There were' 
19 cases in which definite suprarenal involvement was not proved 
histologically, but it should be inferred because of the origin of the 
tumor in the upper pole of the kidney and its extension to involve 
the diaphragm. In this group of cases hypertension existed in 4 
cases; an absolute hypotension with a systolic reading of 96 was 
present in 1 case and there was a normal blood pressure in the others. 

A summary of the findings reported is given in Table 6. This 
includes all patients with renal tumors, both males and females, 
records of whose blood pressures were available. 
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Table 6. — Semmabt op Findings. 


Patients mth Hypernephroma: 335 


Before operation. 

After operation. 

188 had normal blood pressure. 

42 still had normal blood pressure. 

10 had hypertension. 

- 

52* 

144 had hypertension. 

18 had normal blood pressure. 

28 still had hypertension. 


46* 

3 had hypotension. 

No record. 


Patients with other Renal Tumors: 124 


67 had normal blood pressure. 

12 had normal blood pressure. 

4 had hypertension. 

1 2 had hypotension. 

1 - - 


18* 

57 had hypertension. 

1 

11 had normal blood pressure. 

14 still had hypertension. • ^ 


25* 

* These figures represent total number of patients in the group -whose blood 
pressure was recorded postoperatively. • Records for the remainder were not 
available. 


Comment. This analysis shows striking uniformity of the readings 
of systolic blood pressure for the various histologic types of renal 
tumor. Practically identical incidences for tlie different groups 
of blood pressure occurred both in cases of hypernephroma and in 
those of renal tumors of other types. No consistent alteration 
in blood pressure occurred following removal of a tumor of either 
type. ^ This was particularly significant in cases of hypernephroiha 
in which for both males and females as high an incidence of hyper- 
tension occurred after removal of the tumor as existed prior to 
operation. Scrutiny of the males with renal tumors other than 
hypCTnephroma would lead one to think that they experienced a 
diminution of artpial tension following operation, but since an 
exactly opposite situation existed with respect to the females, we 
can hardly attach significance to this. In conclusion, we found no 
constant increase in the blood pressure of patients who were suffering 
from renal tumors. ^ In particular we failed to substantiate the 
observation of previous' investigators: that a marked fall of an 
antecedent hj^iertension followed removal of a hypernephroma. 

VOL. 191, NO. 5. — APRIL, 1936 23 






658 


FINLAND, DOWLING: 


Finally, we would suggest that this study offers clinical evidence 
that an epinephrin-like pressor substance is not produced by the 
hypernephromatous type of renal tumor. 
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THE DOSE OF ANTIBODY EFFECTIVE IN THE TREATMENT OF 
PNEUMOCOCCUS TYPE H PNEUMONIA.* 

By Maxivell Finland, M.D., 
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CLINICAL INSTRUCTOR IN JIEDICINE, THE SCHOOL OF StEDICINE, GEORGE WASHINGTON 
UNIVERSITl’, AND DIRECTOR OF THE CENTRAL LABORATORY, GEORGE 
WASHINGTON UNIVERSITY HOSPITAL, WASHINGTON, D. C. 
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Medical School.) 

In the specific serum therapy of pneumococcus Tj^pe II pneu- 
monia, the importance of considering the amount of serum and the 
time at which it is given has been recognized by a number of physi- 
cians.i“® The experience at the Boston Citj*- Hospital during the 
last 6 years has brought out the significance of these factors. It is 

*Thi8 study was aided, in part, by a grant given in memory of Francis Weld Pen- 
body by the Ella Sachs Plots Foundation. 
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possible, on the basis of this experience, to offer a rational S(^e(lule 
of dosage for serum therapy and also to indicate some of its limita- 

The matter presented itself when ive were confronted with two 
consecutive periods, of 3 years each, during which very divergent 
clinical results were obtained. During the period from November, 
1929, tlirough May, 1932, it was possible to demonstrate a consider- 
able reduction in death rate and a rapid amelioration of fever and 
symptoms in cases of Type II pneumococcus pneumonia treated 
with specific antiserum, as compared with contemporaneous and 
comparable non-serum treated cases due to the same tj^e of pneu- 
mococcus'. During this period, no deaths occurred among 29 
patients under 40 years of age, who were treated with serum before 
the end of the fourth day of the disease, and no cases were encoun- 
tered in which bacteremia first developed, or extensions of the pul- 
monary lesions were first noted following treatment with serum J 
In the tliree succeeding years, from June, 1932, through May, 1935, 
the effect of serum treatment on mortality was obviously less strik- 
ing; clinical improvement was often delayed in the patients who 
recovered; and cases were encountered in which extension occurred, 
or in which bacteremia either developed or recurred following serum 
treatment. 

Table 1.— Mortality Among Cases op Ty’pb II Pneumococcus Pneumonia at 
THE Boston City Hospital. 

Serum treated. Non-serum treated. 


1929-1932. 1932-1935. 1929-1935. 



Num- 

ber. 

Died. 

Per 

cent. 

Num- 

ber. 

Died. 

Per 
' cent. 

Num- 

ber. 

Died. 

Per 

cent. 

All cases . 

. 48 

11 

23 

38 

16 

42 

14S 

76 

51 

Cases with sterile 
blood cultures . 

. 36 

4 

11 

21 

5 

24 

39 

10 

26 

Bacteremic cases 

. 12 

7 

58 

17 

11 

65 

53 

38 

72 


The percentage of serum treated cases that died during the latter 
period was almost the same as among the non-serum treated cases 
(Table 1). The difference in results could not be attributed entirely 
to the greater incidence of bacteremic cases in the later period, since 
the mortality among the patients with sterile blood cultures, who 
were treated at this time was almost the same as among non-serum 
treated cases. Furthermore, a number of deaths occurred among 
treated patients under 30 years. Nor could the differences be 
explained on fhe basis of the inclusion of cases treated with serum 
late m the disease or while moribund. When all patients were 
excluded who died within 24 hours after the first dose of serum or 
who received less than 30 cc. of serum before the end of the fifth day 
ot tlie disease, the differences in mortality were still great (Table 2). 

Attention was then directed to the amount of serum given. The 
average total volume of serum per patient was only slightly less 
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in 1932-1935 than in the preceding period (Table 3, A). The total 
amount of antibody given each patient was then calculated, as 
nearly as possible, on the basis of units consistent -with a Type II 
antibody content of 200 units assigned to Felton’s standard serum 
F 146, or 150 units for the National Institute of Health’s standard 
serum P 11,^“^^ and the average dose in standard units determined,* 
The cases treated in the years 1932-1935 now appeared to have 
received, on the average, only 30% of the actual amount of Type II 
antibody given to Tj>pe II patients during the years 1929-1932 
(Table 3, B). 

Table 2. — Mortality Among Sebum Treated Cases of Type II 
Pneumococcus Pneumonia. 

(Corrected by excluding: 1, patients dying within 24 hours after the first dose of 
serum was given and 2, patients who received a total of less than 30 cc. of serum 
before the end of the fifth day of illness.) 

1929-1932. 1932-1935. 



Number. 

Died. 

Per cent. Number. 

Died. 

Per cent- 

All cases 

.... 37 

5 

14 27 

8 

30 

Cases with sterile blood cultures 29 

2 

7 15 

2 

13 

Bacteremic cases . 

.... 8 

3 

38 12 

6 

50 

Table 3. — Dosage 

OF Concentrated Antipneumococcub Sera Used 

IN Cases 


OF Type II Pneumococcus Pneumonia. 


A. 

Average total 
volume per patient 
(cubic centimeters). 

1929-1932. 1932-1935 ' 

All oases (as in Table 1)' . . 169 145 

Cases with sterile blood culture 149 135 

Cases with bacteremia . . . 231 157 


B. 

Average total units of 
Type II antibody per 
patient, compared with 
Btandard serum 
(P 11 = 150 units) 
(thousands). 

- ■ ■ 

1929-1932. 1932-1935. 

453 , 136 • 

404 137 

603 135 


Although the numbers of cases w'ere small, the increased mortality 
during the later years appeared to be related to the marked reduc- 
tion in the actual amount of protective antibody administered. 
This became further evident when the cases w^ere grouped according 
to the total number of imits of antibody injected (Table 4). Since 
the number of units actually received by different patients usually 
depended on a prearranged program based upon volume, and since 
the different lots of serum used varied very wddely in potency, it 
became necessary to interpret the effect of the dosage in the indi- 
vidual cases. In order to arrive at some conclusion ivith regard to 

* The authors are deeply indebted to Dr. Felton, to Drs. Benjamin White and 
EUiott S. Robinson and to the Lederle Laboratories for the supply of serums. The 
supply of serums from Dr. Felton was made possible, in part, through the generosity 
of the Influenza Commission of the Metropolitan Life Insurance Company and that 
from the Massachusetts Department of Health was made possible, in part, through 
a grant from the Commonwealth Fund. We are further indebted to Dr. Felton and 
to Dr. L. A. Barnes for supplying the data which was essential to making the final 
evaluations of the serum. 
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the optimum dosap in these cases, it was further necessary to ascer- 
n for each case 1, whether a poor result could be attributed to the 
low serum dosage and 2, whether a large dose was entirely necessary 
when the response to serum appeared to be favorable. 

Table 4.— Mortautt in Serum Treated Cases op Tppp tt 


Serum first given before 
end of fifth day 


Dose in thousand 
of units of Type II 
antibody. 

Less than 100 

Blood 

culture. 

Negative 

Positive 

, 

Total 

100-400 

Negative 

Positive 


Total 

More than 400 

Negative 

Positive 


Total 

All cases 

Negative 


Num- 

ber. 

15 

6 

21 

17 

11 


^ Per 

Died. cent. 

3 20 

4 67 


2 

8 


28 10 


16 

6 

22 


1 

1 


33 

12 

73 

36 

6 

17 



Total 


^ 16 s 60 

to 'tte*or?S“ieT™ ‘terff Tp' iT™ ttocording 
“Ctutillx given and the total ^eit™ mits of antibody 

■n^en Its administration was begun the mnT^’ disease 

of the disease, and the extent 5 mfl ^^™ation 

were noted (Tablets)™ involvement at the 
was first given after the fifth dnv of m serum 

and the bacteremic Si nonStere^^ ^^P^^^^tely 
From these data, internretefiSfU ^''' '^'^re segregated 

each case, it ^as hoSlo f 

^e^Pect to: 1, a dosa^eX te^^Z conclusion Sh 

be considered adequate to standard unit, which coulH 

?==feis-t; u.- ~ 



Table 5. — Relationship or Dosage of Specific Antibody to Outcome in 
Cases of Type II Pneumococcus Pneumonia. 


A. Patients with sterile blood cultures to whom serum was first given before the end 
of the 6th day of illness, (a) 

Type II antibody. 


Units (b) 
(thous- 

Volume 

. First 
day 
serum 

Termination of disease. 

Age 

Lobes 

Case 

ands) . 

(cc.). 

given (a). 

Mode. 

Day (a) 

(years). 

involved (c). 

number (d) 

-14 

5 

2 

Died 

9 

52 

Ru 

70(e) 

18 

30 

4 

Died 

5 

34 

RlLl 

71 

30 

75 

3 

Crisis 

4 

20 

R1 

24 

30 

30 

2 

Crisis 

3 

24 

LI 

6 

44 

110 

5 

Crisis 

6 

35 

RI 

21 

60 

60 

3 

Died 

4 

40 

Ru Li 

73 

69 

25 

5 

Crisis 

5 

14 

Ru 

29 

70 

70 

4 

Crisis 

5 

18 

Rim 

49 

75 

75 

5 

1 Lysis 

7 

39 

Rim 

S3 

75 

75 

4 

Crisis 

5 

23 

LI 

54 

85 

85 

3 

Lysis 

5 

47 

LI 

44 

89 

105 

5 

Crisis 

6 

15 

Rl 

58 

89 

105 

2 

Lysis 

3 

50 

Ru 

59 

90 

90 

4 

Lysis 

4 

24 

LI 

26 

100 

100 

4 

Crisis 

5 

24 

LI 

32 

120 

40 

3 

Lysis 

3 

24 

Rl 

7 

120 

120 

3 

Crisis 

4 

43 " 

LI 

43 ' 

135 

135 

3 

Crisis 

5 

38 

Rl 

46 

150 . 

195 

3 

Crisis 

4 

25 

Rl 

27 

150 

ISO 

5 

Lysis 

7 

31 

LI 

51 

180 

180 

5 

Died 

6 

55 

Ru 

78 (f) 

180 

300 

3 

Lysis 

11 

31 

LI 

38 (c) 

190 

205 

5 

Crisis 

6 

23 

LI 

3 

221 

130 

2 

Died 

6 

37 

Lul 

so (h) 

242 

121 

5 

Crisis 

6 

39 

Rl 

8 

244 

140 

2 

Crisis 

3 

29 

LI 

30 

247 

90 

3 

Crisis 

4 

17 

Rl 

48 

264 

220 

4 

Crisis 

5 

25 

LI 

25 

275 

100 

3 

Crisis 

4 

14 

RI 

31 

285 

285 

5 

Lysis 

7 

43 

Ru 

42 

285 

285 

3 

Crisis 

5 

17 

Rl 

50 

315 

105 

4 

Crisis 

5 

13 

LI 

23 

425 

141 

3 

Crisis 

4 

31 

Rl 

12 

436 

145 

5 

Crisis 

6 

50 

LI 

2 

440 

440 

4 

Crisis 

6 

41 

LI 

40 

470 

150 

1 

Lysis 

2 

20 

LI 

14 

480 

120 

2 

Lysis 

4 

40 

Rl 

22 

495 

110 

2 

Lysis 

3 

36 

LI 

20 

614 

133 

4 

Crisis 

5 

53 

Rl 

1 

550 

200 

3 

Lysis 

3 

28 

Rl 

33 

550 

200 

3 

Crisis 

4 

29 

Rl 

35 

569 

200 

3 

Lysis 

6 

43 

Rl 

34 

652 

163 

3 

Crisis 

4 

16 

LI 

IS 

730 

162 

2 

Crisis 

3 

14 

Ru 

13 

736 

230 

3 

Died 

7 

54 

LI 

03 (i) 

783 

261 

3 

Lysis 

5 

24 

Rl 

10 

1100 

255 

5 

Lysis 

7 

53 

Rl 

17 

1384 

346 

2 

Lysis 

6 

24 

LI 

15 


(a) The day of the chill or initial chest pain is considered 1st day; o.xcopt for Case 

60, all cases listed under A and B were admitted within 96 hours of onset. 

(b) Reduced, as nearly as possible, to a value consistent -with 150 units. Type II 

for standard serum P 11, or F 146 = 200 units per cc. 

(c) R = right; L = left; 1 = lower; m = middle; u = upper. 

(d) Cases 1 to 37 and 60 to 71 (inclusive) were treated during 1929-1932. 

(e) Bacteremia after serum. , (f) Chronic and acute nephritis with uremia. 

(g) Serum discontinued after ^^2,000 units (ISO cc.), blood culture positive on 

5th day; further serum given on 6th day; blood culture sterile on 7th day. 
Subcutaneous pneumococcus abscesses incised later. 

(h) Delirium tremens; serum given through 4th day; blood culture positive on 

5th daj'. 

(i) Delirium tremens. 

( 662 ) 



treatment oe :pneumococcts type n pneumonia 663 


B. Bacteremic patients to w 
Type II antibody, 


hom senim was first given before the end of the 5th day. 


Units 

(thous- 

ands). 

25 

30 

53 

58 

70 

98 

12.3 

147 

160 

153 

240 

248 

255 

278 

295 

358 

360 

550 

591 

619 

795 


Volume 

(cc.). 

25 

60 

105 

115 

140 

190 

135 

225 

150 

305 

150 

155 

255 

105 

230 

130 

360 

200 

298 

225 

265 


First 

day 

serum 

given. 

4 

5 

4 

5 
4 
3 

3 

4 
3 
3 
3 
3 

3 

4 
2 

5 
2 
3 

3 

4 
4 


Termination of disease. 


Mode. 

Died 

Died 

Died 

Lysis 

Died 

Lysis 

Crisis 

Died 

Crisis 

Died 

Died 

Lysis 

Died 

Died 

Died 

Died 

Died 

Lysis 

Lysis 

Crisis 

Lysis 


Day. 

5 

6 
38 

9 

8 

7 

5 
13 

4 

6 

8 

4 
8 

. 9 
■ 4 

5 
8 
8 
5 
5 
? 


Age 

(years). 

28 

53 

35 
60 
20 
37 
58 
18 
44 
48 
21 

27 
63 
48 
50 
66 
72 

36 
19 

28 

37 


Lobes 

involved. 

Ruml' 

Ruml 

Ruml 

RulLU 

Rim 

LI 

R1 

R1 

LI 

Ru 

RlLl 

Rum 

LI 

Lu 

RlLl 

LI 

LI 

RI 

Lu 

LI 

RlLl 


Case 

number. 

76 
82 

83 (j) 
55 
80 
57 

47 (j) 

84 (k) 
39 

68 

74 

41 

77 
67 

65 (1) 

66 (i) 
72 (m) 

36 
19 
28 

37 (n) 


1366 

479 

4 

Lysis 

7 

6 

LI Rm 

5 

1935 

430 

5 

Died 

8 

40 

RlLl 

69 (i) 

C. Patients to whom serum 

was first given after the 5th day 

of illness. 


Type 11 antibody. 







, 


First 






Units 


clay 

Termination oi disease. 




(thous- 

Volume 

serum 

---A 



Age 

Lobes 

Case 

ands). 

(co.). 

given. 

Mode. 

Day, 

(years). 

involved. 

number. 

Cases with Sterile Blood Cultures; 





13 

28 

9 

Lysis 

10 

44 

RlLl 

45 

60 

120 

6 

Lysis 

8 

31 

LI 

56 

73 

145 

11 

Died 

13 

35 

Rl 

SI 

75 

75 

6 

Died 

9 

55 

Rl 

60 

90 

90 

6 

Lysis 

8 

18 

Ru 

52 ■ 

183 

61 

6 

Lysis 

8 

33 

Ru 

9 

345 

115 

6 

Crisis 

7 

13 

LI 

4 

375 

125 

8 

Crisis 

9 

57 

Rl 

11 

531 

177 

7 

Crisis 

8 

32 

Rl 

10 

675 

225 

7 

Died 

8 

34 

RuLu) 

61 

Cases with Bacteremia; 






26 

15 

7 

Died 

7 

49 

RuLl 

85 

63 

105 

8 

Died 

10 

34 

LI 

79 

105 

35 

6 

Died 

7 

37 

Ruml 

64 

186 

186 

10 

Died 

14 

25 

RlLl 

75 

195 

65 

22 

Died 

23 

65 

Ruml 

62 


(j) Empyema. 

(k) 13 000 units 4th day; 134,000 units 5th day; blood culture sterile 6th day; 

later recurred and- lesion extended to Rm LI. 
f V Delinum tremens, fractured skull, operation. 

(m) .,erum given (about 75,000 units daily) for 6 days; bacteremia cleared and 

recurred twice. 

(n) Hemolytic streptococcus empyema and otitis media, erysipelas. 
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reduced or avoided by giving a small initial volume followed by 
increasing amounts up to 50 cc. Most of the cases, therefore, were 
given an initial dose of 5 cc., a second dose of 25, and 3 or 4 more 
doses of 40 to 50 cc. of the serum concentrates at intervals of 2 
hours. Further doses were given after a lapse of 8 to 12 hours, the 
amounts and intervals usually being gauged by the condition of the 
patient. In the last 3 years smaller initial amounts, with a total of 
betv^een 75 and 150 cc., were given, and the further treatment was 
not controlled in every instance. Throughout this work, changes 
in dosage were made for convenience or because the condition of 
the patient warranted it. Thus, if the first 2 or 3 injections were 
•given late at night, an interval of 8 to 10 hours was allowed to lapse 
before the subsequent dose. If, in the morning, the patient was 
found to be afebrile or much improved, the remaining doses were 
reduced or omitted. 

With this scheme of dosage in mind, let us consider first the 
bacteremic cases (Table 5, B) since, as judged from mortality rates, 
these may be assumed to be the severest cases. Of the 6 patients 
with bacteremia who received less than 100,000 units only 2 recov- 
ered. Since, in each of these 2 cases, an interval of 4 days elapsed 
between the time serum was given and the day recovery began, 
it is fair to assume that this recovery was probably not related to 
the serum therapy. Among the 11 bacteremic cases in which the 
total amount of antibody given was betv^een 100,000 and 300,000 
imits there were 3 survivals. In each instance, clinical improvement 
seemed clearly related to the time of antibody administration in 
these 3 surviving patients. The amounts of serum were given to 
these patients according to a prearranged schedule of dosage based 
on volume, and no further serum seemed necessary. Of the remain- 
ing 6 bacteremic patients, each of whom received more than 500,000 
units, only 1 died. The 5 patients who recovered were given betv^een 
465,000 and 619,000 units of Type II antibody within about 10 
hours, according to schedule; the additional amounts being given 
because the fever and acute symptoms were not satisfactorily 
improved and being gauged according to the condition of the patient. 
In only one instance (Case 5) did the condition of the patient warrant 
the further use of large amounts of serum. 

The deaths among the bacteremic cases, except in Cases 74, 67, 66 
and 69, occurred in patients treated with serums of low potency, 
equivalent to' 1000 or less standard miits of antibody per cubic 
centimeter of serum (see Tables 5 and 6). In these 4 cases, other 
reasons militated against the full efficacy of the antibody: a hemo- 
lytic streptococcic “superinfection” in Case 74; a spread of dosage 
with a small total amount in Case 67, a patient Avith auricular 
fibrillation; and treatment begun on the fifth day in severely alco- 
holic patients with delirium tremens in Cases 66 and 69. The 
remaining fatal bacteremic cases may now be considered in the 
order that they appear in Table 5. 
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In the first 4 patients, less than 100,000 units -were used and no e^ct ms 
observed either on the bacteremia or on the clinical symptoms. In Case 84, 
all of th4 serum (174,000 units contained in 225 cc.) was given before the 
end of the fifth day and the blood cultures were sterile during the following 
3 days. On the eighth day bacteremia recurred, and the pneumonia ex- 
tended’ throughout the previously uninvolved lobes on the same side and 
also to one lobe in the opposite lung. Although the blood cultures taken 2 
days later were sterile, the patient died. There was bilateral empyema at 
autopsy and the heart’s blood culture was sterile. In Case 68, the first 
135 cc. of serum given on the third day contained the equivalent of 68,000 
units. The blood cultures on each of the 3 succeeding days were all sterile. 
Death occurred on the sixth day, after about 30,000 units had been given 
each day. The events in this case were practically duplicated in Case 77, 
except that 150 cc. of serum equivalent to 150,000 units of antibody w'ere 

Table 6.— Relation of Dosage op Type II Antibody to Bacteremia and Out- 
come IN Cases Discussed in Text. 


Case 


Day of disease. 


10 


15 


19 


36 


38 


63 


67 


68 


69 


72 


74- 


77 


SO 


S3 


S6 


Blood culture 
Antibody, cc. 
Units (X 1000)' 
Blood culture 
Antibody, cc. 
Units (X 1000) 
Blood culture 
Antibody, cc. 
Units (X 1000) 
Blood culture 
Antibody, cc. 
Units (X 1000) 
Blood culture 
Antibody, cc. 
Unite (X 1000) 
Blood culture 
Antibody, cc. 

Units (X 1000) 
Blood culture 
Antibody, cc. 
Units (X 1000) 
Blood culture 
Antibody, cc. 
Units (X 1000) 
Blood culture 
Antibody, cc. i 
Units (X 1000)j 
Blood culture 
Antibody, cc. 
Units (X 1000) 
Blood culture 
Antibody, cc. 
Units (X lOQQ) 
Blood culture 
Antibody, cc. 

Units (X 1000)' 

Blood culture 
Antibody, cc. 

Units (X 1000) 

Blood culture 
Antibody, cc. 
Units (X 1000) 
Blood culture 
Antibody, cc. 
Units (X 1000)' 


O, 


O, 0 
100 
400 


4- 

30 

SO 


60 

102 


O 

so 

320 
+. + 
70 
135 


120 

72 

O 

120 

384 

+ 


+ 

135 

68 

4 

30 

135 

0 

75 

75 

4 

150 

240 

4 

150 

150 


60 

102 


4 
30 
90 
O 
81 
324 
0 
115 
230 
4i 4 
110 
283 


O 

110 

352 

4 

45 

114 

O 

65 

32 

4 

200 

900 

4 

75 

75 

O 


o 

45 

45 

4 

80 

40 

4 

85 

43 


10 

17 


4,0 

132 

308 

L 

85 

340 

O 

73 

146 

O 

90 

267 


O 

30 

82 

0,0 

65 

33 

O 

200 

900 

O 

90 

90 

O 


.30 

30 

60 

30 

20 

10 

4 


O 

184 

552 


O.L 

40 

80 

O 


4 


30 
82 
0, D 
40 
20 
D 


60 

60 


30 

30 


D 


Blood culture: 


O. C 
103 
309 


0,L 


65 

39 

D 


4 

30 

30 


O 

13 

37 


O 

30 

18 


4 


D 
D 
D 

D,4 

Empyema 


65 

33 


+,D 


O 


Lysis 

11th 

day. 


Died 

3Sth 

day. 


^ = ^erUe^ Yype II pneumococci; 

U.U. 

^ - CTisia Xj lygig D -- 

sputum culture = streptococcus hcmolyticuB; no pneumococci. 
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given on the first day of treatment and death occurred on the eightli day. 
Case 65 was in a patient admitted to the hospital with alcoholism, delirium, 
a fractured skull and other injuries. The pneumonia was first rebognized 
2 daj's after a bone flap had been done and was thought to have begun after 
the operation. In this patient, blood cultures taken before each of 9 injec- 
tions of serum, given over a period of 36 hours and up to the time of death, 
showed an increasing bacteremia. In Case 72, 30,000 units of Type II 
antibody were given on the second day and from 60 to 90 thousand units 
injected daily during the next 5 days. Dail 3 >- blood cultures were alternately 
sterile and positive, and death occurred on the eighth dajL The course 
of bacteremia in relation to the dose of antibody in some of these cases is 
noted in Table 6. 

The bacteremic patients who were treated after the fifth day of 
illness all died (Table 5, C). In 3 of these cases death occurred 
within a few^ hours after the first dose of serum w^as given. In the 
2 patients who survived longer than 24 hours after the initial injec- 
tion, the bacteremia wms not affected. 

Summarizing the observations in the bacteremic cases, it appeared 
that I, doses of serum containing less than the equivalent of 100,000 
standard units had no effect on the course of the disease at any 
time; 2, larger doses were ineffective when treatment was begun 
on or after the fifth day of illness; 3, when given before the fifth 
day a dose equivalent to about 150,000 units usually rendered the 
blood stream free of pneumococci but only temporarily; 4, while an 
occasional patient was completely relieved of sjnnptoms follownng 
a total dose of less than 350,000 units, most cases required larger 
amounts up to 500,000 units to keep down the bacterial invasion; 

5, when a total of less than the equivalent of 300,000 standard 
units was given, the bacteremia tended to reciu* and death ensued ; 

6, a total dose of more than 300,000 units was most effective when 
given in a short space of time, but wdien the dose wms spread over 
more than 2 days, the bacteremia tended to recur in spite of repeated 
injections' of serum. 

The situation wms different among the cases in which the blood 
cultures, taken before the initial injection of serum, were sterile. 
There w'ere only 6 deaths among 40 patients to whom serum wms 
first given before the end of the fifth day. Let us consider these 
fatal cases in the order in wdiich they are listed in Table 5, A. 

In Case 70, an initial injection of 14,000 units w'as followed by a reaction 
consisting mainty of dyspnea and slight cj^anosis. The patient refused 
further injections. He later developed bacteremia and died. Case 71 
was an Italian patient who could not speak English and who w^as moribund 
at the time of admission to the hospital. As far as it W'as possible to ascer- 
tain, his history’- suggested an illness of 4 days’ duration. He died within a 
few hours after the first dose was given. _ At autopsy there was a thick 
fibrinopurulent empj'ema and an organizing pleuritis wliich indicated an 
niness of much longer than 4 da^’^s duration. Case 73 was a colored patient 
with bilateral lung involvement to whom serum was first given on what 
was considered to be the third day of illness. He was obviously failing 
rapidlj' at the time, but survived about 18 hours, during which time 5 
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doses of serum were injected. Case 78 was a patient with acute nephritis 
and uremia. The blood non-protein nitrogen level was 140 mgm. _% on ^e 
fifth day of the pneumonia, when the first dose of serum was given. H 
diS 24 hours later. Case 86 was a patient f verely ill 
of the entire left lung, delirium tremens and leukopenia. - Treatment witn 
serum, on what was thought to be the second day of the pneumonia, and 
later ivith pentnucleotide failed to bring about any improvernent. Bactere- 
mia developed on the fifth day, after more than 200,000 units of antibody 
had been given on the preceding days. He had empyema at autopsy. 
Case 63 was also a chronic alcpholic patient who, m addition, had a history 
suggesting chronic tuberculosis. He was given a total of 736,000 units oi 
antibody before the end of the fourth day, without apparent effect. He 
died 3 days later. 


Among the 34 patients who recovered, the alleviation of fever 
and acute sj’^mptoms occurred in 22 cases wdthin about 24 hours 
after the first injection of serum. In each of these cases the amount 
given wms that decided upon beforehand and little or no further 
serum was given. In 10 other patients complete relief of acute 
symptoms was not attained until the second day after the first 
dose was given. Only one of these patients, Case 40, appeared suffi- 
ciently ill to warrant the use of large doses beyond the amount 
originally prescribed. The 2 remaining patients, Cases 38 and 15, 
were acutely ill for more than 3 daj’^s after serum treatment was 
begun. 


Case 38 was a woman who miscarried a 5 months’ fetus early in her dis- 
ease. She received 72,000 units of Type II antibody on the third day of her 
illness. She was only partly improved but no further serum wus given until 
the seventh day when a blood culture, taken on the previous day, ivas 
reported' positive. She was then given doses of from 20 to 40 thousand 
units of antibody daily for 4 days. The bacteremia cleared rapidly but 
recovery was further delayed by the occurrence of subcutaneous pneumo- 
coccic abscesses. In Case 15, doses of over 300,000 units of Type II 
antibody were given daily for 4 days but marked improvement was not 
apparent until the last day of treatment (Table 6) , 


Among the 10 non-bacteremic patients treated after the fifth 
day of illness (Table 5, C), there were 3 deaths. This number of 
deaths corresponds to the death rate observed in non-serum treated 
cases with sterile blood cultures (Table 1). None of these fatal 
cases showed any obvious improvement after serum treatment. 
In the recovered cases, though sjnnptoms were alleviated within 
24 or 48 hours after serum therapy, it is difficult to consider a causal 
relationship at such a late stage of the disease. Recovery in these 
cases occurred on or after the seventh day of illness. 

Suminarizing tlie results noted in the non-bacteremic cases, it 
appeared that: 1, cases treated before tlie end of the fifth day 
usually responded wdth a prompt and permanent reduction of fever 
and alleviation of sj'inptoms of the acute disease; 2, such a response 
occurred after any amount of antibody over 30,000 standard units, 
but m over half of the cases more than 150,000 units ivere actually 
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given; 3, the larger amounts of antibody were given, in most in- 
stances, because of the high potency of certain lots and because 
dosage was prescribed by volume; (4), fatalities among non-bactere- 
mic cases occurred almost entirely in patients with other complicat- 
ing conditions, including delirium tremens, or where it seemed likely 
that the patients were ill for a longer period than that suggested 
by the anamnesis— at any rate, these patients were in extremis 
when the serum was first given; 5, it is difficult to evaluate the effect 
of serum in the cases treated after the fifth day of illness, but no 
obAuous benefit seemed to follow its use; and 6, in 2 of the 3 patients 
who developed bacteremia after serum treatment was begun, this 
therapy had been discontinued after less than 75,000 units had been 
given; in the third patient, who had' delirium tremens and leuko- 
penia, no effect was apparent from 220,000 units given over a period 
of 48 hours. 

On the basis of the observations in these non-bacteremic cases, 
it seems fair to assume that recovery in almost all of the cases was 
related to the serum therapy when that was given before the end 
of the fifth day. It also seems reasonable to suppose, from a con- 
sideration of the manner in which the dosage was arranged, that 
the greater amounts were largely redundant. These large amounts 
were, in almost all instances, contained in the volume originallj’’ 
prescribed and these large numbers of units of antibody were due 
to the potency of the particular lots used. When less potent anti- 
serums were given, the total amount of antibody, in terms of units 
was smaller, but it was nevertheless effective. This was also appar- 
ent when less than the full prescribed dose had been given and an 
interval was permitted to elapse. In many such instances no further 
serum was given because it was considered unnecessary. 

In the light of these considerations it seems reasonable to suppose 
that 100,000 to- 150,000 standard units of Type II antibody should 
prove effective in bringing about a favorable, rapid and permanent 
response in all but a small number of cases, provided that this 
amount of antibody is given before the end of the fifth day and 
the blood culture is sterile before the first dose is given. If this 
blood culture shows a growth of pneumococci, it seems necessary 
to give another 150 to 200 thousand units, and even more antibody 
may be required, persistence in treatment being essential. Optimum 
results seem to follow administration of the larger amounts when 
they are given within 24 to 36 hours after treatment is first begun. 
It seems unwise to permit more than 12 hours to elapse without 
ghdng more antibody to a patient in whom the fever, elevated 
pulse rate, or delirium persist or who othervdse looks acutely ill, 
unless it is ascertained that the symptoms are attributable to a pro- 
cess other than the Tjqie II pneumococcus pneumonia. The patients 
with bacteremia who are first treated on or after the fifth day of 
illness apparently derive no benefit from the serum. The impres- 
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Sion has been gained that some of these Type II bacteremic patients 
appear to decline more rapidly after treatment with serum, when 
that therapy is initiated late in the disease. , 

Comment. The goal of all therapy is primarily 'the savmg of life 
and secondarily the complete and expeditious relief of symptoms. 
Mortality rates, particularly in a disease^ like pneumonia, are 
dependent on many factors in the host and in the invader. Large 
numbers of cases, therefore, must be treated and thoroughly 
analyzed along with comparable untreated cases^ before the life- 
saving property of a therapeutic agent can be justly evaluated. 
Pending the accumulation of sufficient data, the best early guide 
to the efficacy of a specific remedy is the rapid and complete allevia- 
tion of acute symptoms, in uncomplicated cases, after this remedy 
is administered. Such rapid and complete symptomatic relief 
has occurred in a large proportion of cases of pneumococcus Type I 
pneumonia when adequately treated early in the disease with Type I 
antipneumococcus serum. With respect to Type I cases, also, the 
efficacy of specific serum therapy is supported by a sufficient body 
of mortality figures, hluch of the recent success in the use of this 
agent is probably attributable to those advances made in the pro- 
duction and concentration of Type I antipneumococcic serum which 
have made it possible for physicians to give large amounts of anti- 
body with comparative ease.® 

The report of Finland and Sutliff® on the treatment of pneumo- 
coccus Type II pneumonia with specific antibodies indicated that 
very similar symptomatic improvement could be obtained and, 
as far as could be judged from the small number of cases treated, 
the mortality could be influenced to almost the same extent as in 
Type I cases. During the period covered by that report, full cogniz- 
ance was taken of the observations of Park and Cooper®-® that large 
amounts of antiserum are needed to establish a balance of antibody 
in the blood of patients with Type II pneumococcus pneumonia. 
In almost all cases, therefore, the serums used were selected because 
of their high potency in Type II antibody, and large volumes of 
these serums were given. During the following 3-year period, serurns 
were used which were distributed for use in both Type I and Type 11 
cases and had -a considerably lower content of Type II antibody. 
During the latter period each patient received an average of only 
three-tenths as much antibody as was given to the cases included 
in the earlier report. It was felt that this drastic reduction in the 
actual^ amount of antibody given accounted, in large part, for the 
sharp increase in the percentage of deaths among the serum-treated 
cases, reaching a figure almost equal to the mortality among non- 
serum-treated cases. The clinical effects in the recovered cases also 
were not uniformly satisfactory. 

The importance of having a uniform standard serum for the 
titration of antipneumococcus serums is evident from the data 



670 


FINLAND, DOWLING: 


presented. The need for such a standard has long been recognized. 
It was first put into use for the titration' of concentrated Tjqies I 
and 11 antipneumococcus serums by Felton “ and recommended for 
international use in a specially prepared dry form by Hartley and 
Smith.^^-^^ Such a standard is indispensable until such a time when 
it will be possible to titrate the biologic potency of antipneumo- 
coccus serum adequately and uniformly without the introduction 
of the variables in the mice and in the virulence of li'\dng pneumo- 
cocci. Any discussion of dosage in terms of units of antibody be- 
comes meaningless unless full cognizance is taken of the manner 
in which the antibody is titrated and unless some acceptable stand- 
ard has been used for comparison. 

The importance of making blood cultures before beginning serum 
therapy may again be emphasized. This is obvious from tlie data 
presented. Almost half of tlie untreated cases of Tjqie II pneu- 
monia in three large clipics have been found to yield positive blood 
cultures, and the prognostic significance of this feature is readily 
apparent from the differences in mortality noted in bacteremic and 
non-bacteremic cases in each of these series. Its further impor- 
tance as a guide to dosage has been noted by earlier observers'"® 
and is apparent from the data presented here. The prevention of 
the appearance of bacteremia has also been shown to depend on the 
administration of adequate amounts of antibody early in the disease. 

The possibility of maintaining a balance of antibody in some cases 
of Type II pneumonia with unconcentrated serum of low potency 
was noted by Cole.' Finland and Sutlift''® attempted to define the 
dose of Felton’s serum effective in pneumonia on tlie basis of the 
cutaneous reactions with homologous tjqie-specific polj'saccliarides. 
On reexamining the data in the Tjqie II cases, taking into account 
what has been said regarding the units of antibody, it appeared 
that in one instance (Case 6) the equivalent of 30,000 standard 
units had been given and the remaining cases had received between 
100 and 160 thousand units before the positive cutaneous reactions 
were first elicited. With one exception (Case 5), these cases had 
sterile blood cultures before the antibody was given. Lord and 
Persons'^ failed to establish a balance of protective antibody in 
one Tjqie II case with less than 200,000 Felton units, and succeeded 
in doing so in a second patient given more than that amount before 
the sixth day. Park and Cooper® calculated more than 500,000 
units would have been necessary to accomplish this result in two of 
their bacteremic cases. 

The use of various tests for an excess of antibody in the patient 
has not yet been carried out sufficiently to warrant their unquali- 
fied use as a guide to the control of dosage in Tjqie II cases. Several 
such tests have been suggested including: 1, the rapid macroscopic 
agglutination test as used by Sutliff;'® 2, the stained-slide micro- 
scopic agglutination test of Sabin;'® and 3, tlie skin test with the 
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homologous type-specific polysaccharide (Tillett and fiVancis ), 
as adapted to the control of dosage in Tj^e I cases by Francis. 
The latter test is probably the most desirable since it is a tissue 
reaction. Occasional patients, however, fail to give the characteris- 
tic response regardless of complete recovery with an excess of anti- 
body, and others fail to recover after a positive test has been elic- 
ited.i® It is felt that the blood culture, the presence of fever, ele- 
vated pulse rate and evidences of “toxemia” and the response to 
earlier doses, if sufficiently large, probably serve as the most useful 
and practical guides for continuation of antibody therapy in the 


individual case. 

Based upon the observations in the present cases, a tentative 
plan of dosage based upon a standard unit is proposed pFich may 
be expected to give the optimum effect on the mortality rate in any 
group of cases and on the clinical condition of the individual cases. 
This dosage may seem somewhat wasteful but appears to be war- 
ranted by the data at hand, and takes into account the danger of 
giving smaller amounts to the severer cases, in which valuable time 
may be lost. It must be kept in mind, however, that these recom- 
mendations are based on a comparatively small number of cases 
and may require modification as more data become available. 

The experiences of the past few years with Type I cases, both in 
this country and in Great Britain, have shown quite clearly the 
advantage of having potent concentrated antiserum which enables 
physicians to give large amounts of specific antibody in a small vol- 
ume and with a comparatively small amount of total solid. It is 
desirable, therefore, to do the same for Type II cases. Since con- 
centrated serums of high potency in Type II antibody are compara- 
tively difficult to make with great regularity, it would seem helpful 
to withhold from distribution for use in Tjqie II cases serums of 
low potency in antibodies for this type. About 1500 standard 
units per cubic centimeter would be a reasonable minimum, and 
higher concentrations than this are preferable if they can be at- 
tained without excessive amounts of total solid. With such serums, 
physicians would be more inclined to treat their patients adequately. 

The occurrence of the so-called “zone phenomenon” in the inter- 
action of pneumococcus antigens and antibodies raises the question 
of a possible harmful effect of excessive dosage. Such zone phe- 
nomena have been demonstrated for agglutination, precipitins, 
phagocji;osis and passive protection of mice, but have not been 
observed in the results of treatment in human cases (see Ward^®). 
The test-tiibe experiments do not take into account the large 
reservoir of neutralizing material which is present in the infected 
lung. 


The results of tlierapy liave been considered here primarily from 
tile point of view of dosage. Other features of serum therapy have 
been considered elsewhere.® A more detailed analysis of all the 
ijqie if cases is included in a separate communication.-' 
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Conclusions. Clinical attempts to determine the proper dose of 
serum in the treatment of cases of pneumococcus TjTie II pneu- 
monia have emphasized the importance of having a uniform standard 
with which the potency of various lots of Tjqie II antipneumococcus 
serums can be compared. The adoption of an international stand- 
ard, as proposed by Hartley and Smith, is highly recommended. 

A tentative plan of dosage for Tj^ie II cases is offered, which is 
based upon observations on the effect of various amounts of anti- 
body: 

1. \\dien a diagnosis of Type II pneumococcus pneumonia is 
made, an amount of Tj^ie II antibody equivalent to 100,000 or, 
preferably, 150,000 units of the proposed standard serum should 
be given to the patient in as short an interval as is consistent with the 
avoidance of untoward reactions, 

2. An additional 200,000 units should be given to all cases 
showing Type II pneumococci in the blood culture. This amount 
should also be given in as short an interval as is consistent with 
safety and even in spite of apparent improvement in the patient’s 
condition. 

3. Additional amounts of 50,000 to 100,000 units should be 
given at intervals of 6 to 12 hours in all cases until the fever and 
other acute sjTnptoms are relieved, or until it is shown that these 
symptoms are not due to the Tjqie II pneumococcus pneumonia, 

4. After treatment is once begun, it is unwise to permit an interval 
of more than 12 hours to elapse without giving further serum, unless 
the patient is relieved of fever and serious symptoms. 

Treatment with antibody beginning after the end of the fourth 
day of illness is probably of no benefit, except possibly in non-bac- 
teremic cases, and then only if it is begun during the fifth day. 

The results of blood cultm-es are the most important guide to 
serum dosage in addition to being of great prognostic significance. 

The interests of physician and patient are served best if only 
serums of high potency in Type II antibody are released for treat- 
ment of patients with pneumonia due to this tjqie. 
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EPIDEMIC PLEURODYNIA. 

("DEVEb’s Grip") in Cincinnati. 


PEBSONNEU 


By Mell B. Welborn, M.D., 

PHYSICIAN, COIiLEGE OP MEDICINE, ITNIVEHSITY OP CINCINNATI AND 
the CINCINNATI GENERAL HOSPITAL, CINCINNATI, OHIO. 


Eleven cases of epidemic pleurodynia occurring among the 
personnel 01 this hospital are described in this report. The first 
case was seen on June 18 and the last on September 25, 1935. They 
are tj^pical of cases reported in the literature as well as of numerous 
physicians in Cincinnati during the same period.^ 
Outbreaks have been reported from the iSastern and Southern 
iSqL?* country since the disease was first noted here in 
1888. Daae and Homann, of Norway, are given credit for the 
A &st, description of the disease in medical literature. 

As described, m the literature, the disease is said to occur in 
paroxysms lasting 24 or more hours. These are characterized by 
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sudden onset of excruciating pain in the chest or epigastriuin, the 
pain being aggravated by deep breathing or movement of the trunk; 
often a chill; fever of 100° to 105° F.; tenderness, frequently per- 
sistent, and usually over the site of pain; a normal white cell count 
or leukopenia; and the absence of important pleural or pulmonary 
physical findings. It occurs during the summer months, attacldng 
healthy young people of either sex, more commonly children, and 
frequently several members of the same family. It may subside 
after one paroxystn, or there may be one or more recurrences after 
a period of 24 to 30 hours of comparative comfort. Kecovery is 
usually prompt and complete, although Churchill'’ reports that the 
recovery in his patients was slower than the severity of the acute 
symptoms would seem to warrant. 

The etiology of the disease is not known. Smalk described a 
protozoan organism within the erytlrrocjdes of 2 patients with the 
disease. Failure of other workers to confirm his findings should 
not cause a careful blood study to be omitted. 

The nature and location of the pathologic lesions are unknown. 
It has been suggested that they might be a myositis of the chest 
wall and back."* However, no microscopic studies of the apparently 
affected muscles have been reported. 

The outbreak described in this paper is apparently the first one 
in the hliddle West. A microscopic study of the muscles was made 
in 1 patient. Since the patients comprising the reported group 
were interns and nurses, an excellent opportunity for observation 
was had. For these reasons this communication is made. 

Description of Cases. Of the 11 cases diagnosed as epidemic 
pleurodynia, 8 were admitted to the hospital and 3 were treated as 
office patients. This description will be confined to the former, 
although the latter were similar, but could not be observed so closely. 

Of those admitted to the hospital, 5 were nurses, 2 interns and 
1 the wife of a physician. There were 7 women and 1 man, their 
ages ranging from 18 to 25 (average 21). All had been in good 
health until the onset of their present illness. 

Prodromal Sympioms.^ Four of the patients gave a history of 
feeling tired and “dragged out” for 2 to 7 days prior to the onset 
of acute symptoms; 2 had vague, generalized abdominal cramps not 
associated with nausea, vomiting, or diarrhea. 

' Onset. In half of the group the onset was abrupt with excruciat- 
ing pain in the epigastrium and along the anterior costal margins, 
the pain being aggravated by movement or deep breathing; in the 
remainder the pain was minimal at first but gradually grew worse, 
reaching a maximum of intensity in 4 to 12 hours after its first 
appearance. , 

Syiapfoms. Pain; This was the' most. prominent feature of the 
disease. Inspiratory chest pain, described as being cramp-like in 
character, was the most common tjqie, although in 1 patient the 
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pain associated with the first paroxysm was epigastric, being 
increased more by movement of the trunk than by deep inspiration. 
In 4 the pain was localized to the left chest and hj'pochondrium ^ 
each paroxysm. In the others the pain alternated with each side 
of the chest in the succeeding attacks. In 1 instance, right lower 
quadrant abdominal pain preceded the appearance of pain in the 
right chest by 4 hours. Three of the group were entirely free of 
pain between paroxysms; the others had slight pain on deep inspira-^ 
tion. Tenderness over the site of pain, although hard for the patient 
to localize, was a constant finding even between paroxysms. It 
did not persist for longer than 1 day after the termination of the 
acute symptoms. 

Fever; The fever usually followed the pain, there being a lag 
of a few hours between the onset of the pain and the fever, while 
the reverse was true at the end of the paroxysm. The “ pain-fever 
relationship, however, was very close. It was the predominant 
symptom in each recurrence except one in which the patient’s third 
paroxysm of pain was not accompanied by fever. The elevations 
in temperature ranged from 99.4° to 104° F. The pulse rate in- 
creased in proportion to the fever. 

General Symi^toms. Aside from the epigastric and right lower 
quadrant abdominal pain and the prodromes already mentioned, 
sjnnptoms referable to the abdomen and gastro-intestinal tract were 
not noted. All of the patients except 1 felt well during the interval 
between attacks. Headaelie, generalized muscular aching, weak- 
ness, and loss of appetite were not prominent symptoms. None of 
. the patients complained of cough, and none gave a history of recent 
acute respiratory disease. 

N^mber of Attaclcs or Paroxysms. Five of the patients had 
3 paroxysms; 1, 9; 1, 2; and 1, 1. Most of the attacks were sharply 
defined, so much so that in many cases the time of onset of the 
succeeding ones could be fairly accurately predicted. The third 
attack was always the most severe. 

Physical Findings. During the height of an attack the skin was 
flushed, moist and hot, but no skin eruptions, aside from herpes 
labialis, were observed. Tenderness over the site of the pain was a 
constant finding and protective splinting of the affected chest was 
common. Persistent, fine rales at the base of the axilla were 
noted in 1 patient. Aside from this instance, no pulmonary or 
pleural signs were detected. One patient, whose illness wms similar 
in all respects to the others reported here, and on whom a biops5'^ 
or a muscle of the chest wall was taken, developed a pleural friction 
rub 5 days after his discharge from the hospital. A hematoma which 
had developed m the wound may have played a part in the produc- 
tion ot tins plp^sical sign. However, his case is not included in this 
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Laboratory Findings. The leukocyte count averaged 7400. 
White cell counts taken after the fifth day of the illness on 3 patients 
averaged 5000, while counts on the other 5, taken within the first 
two days of the illness, averaged 9900. The neutrophils varied 
from 54 to 78% and in no case was eosinophilia noted or were 
intracellular sporozoa found. The urine was negative. Blood 
cultures taken in 6 cases were sterile. 

Muscle Bioysy. A section of the apparently affected latissimus 
dorsi muscle was taken from one of its slips of origin on the lower 
chest wall. Cultures of the tissue were sterile. Microscopic study 
revealed no morphologic change. 

Roentgen Ray Examinations. All patients had had a Koentgen 
ray examination of the chest within 6 months of the time of their 
admission to the hospital. Five, as part of a yearly physical exam- 
ination, had had the examination 3 weeks prior to their illness. 
Further examinations were made during the illness and were 
repeated on an average of 6 weeks after discharge. No change in 
the findings was noted during these periods. 

Duration. The average duration of the illness as judged from 
the first attack of acute pain and fever until the termination of the 
last paroxysm was 5 days. 

Convalescence. Six of the patients ex'perienced occasional fleeting 
chest pains for 4 days after discharge, stating that they felt well 
after these had disappeared. One patient had chest pain, lasting 
from a few minutes to as long as 1 hour, for a month. She did not 
feel badly otherwise. Another experienced similar pain for 2 months 
and felt tired for 3 weeks following her discharge. When last seen, 
late in September, 1935, all of the patients were free from symptoms 
and in good health. 

A Typical Case. Dr. Nina A., a woman intern, aged 24, developed pain 
of an inspiratory nature in the left side of the chest at noon, July 19, 1935. 
She was seen 2 hours later, at which time the temperature was 99° P, 
Examination of the chest was negative aside from tenderness over the 
lower left anterior costal margin. Six hours after the onset the temperature 
was 102° P., the pulse was 110 and the respirations 25. The pain was very 
severe, being ag^avated by movement or inspiration. Her past history 
was not remarkable. She had been in good health until the present illness. 
Routine Roentgen ray examination of the chest 2 weelcs previously had been 
negative. The first paroxysm of pain and fever lasted for 36 hours. Fol- 
lowing this was a 24-hour interval of comfort. At the end of this period 
a second paroxysm lasting 24 hours occiOTed. This was followed by a 
comfort interval of 30 hours, then a third paroxysm lasting 24 hours 
(Chart I). The pain was the most severe in the last recurrence. At the 
end of the third attack she felt quite well and remained so until discharge, 
5 days later. Repeated examinations of the chest were negative. A 
Roentgen ray film of the chest on the day of admission showed no change 
from the one taken 2 weeks previously. The urine was negative. A blood 
culture taken, July 25, was sterile. The leukocyte count on the second day 
of the illness was 8600. The blood smear showed 70% neutropHls, 28% 
lymphocytes and 2% monocytes. On July 27 , a small section of the latis- 
simus dorsi muscle was removed from one of its slips of origin in the left 
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chest wall. Cultures of the muscle were sterile. Microscopic studies did 
not show any morphologic changes. 

The patient was discharged from the hospital after 12 days, and when 
last seen, September 20, 1935, .she Avas in good health. A Roentgen ray 
film of the chest at this time showed no change from those taken preAuously. 

Summary. Eleven cases diagnosed, as epidemic pleurodynia are 
reported. They were apparently a part of an epidemic occurring 
in this area. 

In this small series of cases, the majority had 3 recurrences, the 
third one being the most severe. One-half of the patients had pro- 
di’omal symptoms and a gradual onset. The pain preceded the 
fever, but the “pain-fever” relationship was close. Tenderness 
over the site of pain did not persist after the acute symptoms had 
subsided. The pain Avas described as cramp-like in character. 
There were no important pleural or pulmonary findings either on 
clinical or repeated Roentgen ray examinations. Leukocyte counts 
in 5 cases taken during the first 2 days of the illness Avere normal. 
Those taken after the fifth day (3 cases) Avere Ioav. 

This is the first reported outbreak of the disease in the Middle 
West. 

_ hlicroscopic study of the apparently afi'ected muscle of 1 patient 
did not shoAV any morphologic changes. This is the first such study 
to be reported and should be repeated on a large nuuAber of patients. 

REFERENCES. 

1. Harder, F, K.: Personal Communication. 

2. Dabney, AV. C. : Account of an Epidemic Resombling DenRuc, Which Occurred 
In and Around Charlotteswllo and the University of A'irginia in Juno, ISSS, Am. J. 
Med. Sci„ 96, 488, 1888. 

3. Torrey, R. G.; Epidemic Diaphragmatic Pleurodynia or “Devil’s Grip,’’ 
Ibid., 168, 564, 1924. 

4. Epidemic Myalgia or Pleurodynia, editorial, J. Am. Mod. Assn., 102, 460, 1934 
(gives references to literature) . 

5. Churchill, F. S., Landis, E. M,, and Glusher, S. D.: An Epidemic of Undeter- 
mined Nature: Dengue? J. Am. .Med. Assn., 87, 821, 1926. 

6. Small, J. C.: A Protozoan Organism AVithin the Erythrocytes of Patients 
Suffering AVith Epidemic Pleurodynia, Am. J. Med. Sci., 168, 570, 1924. 


EPIDEMIC MYALGIA OR PLEURODYNIA IN SOUTHWESTERN 

OHIO. 

By Frank Kirby Harder, M.D., 

acting commissioner OE HEAI.TH, CINCINNATI, OHIO. 

In this portion of the United States, epidemic pleurodynia Avas 
first diagnosed in the summer of 1935. The initial recognition came 
from at least four independent sources; t\A’o hospital physicians, a 
general practitioner and a district plij'^sician of the Cincinnati 
Health Department. Through neivspaper accounts of “dcAul’s grip,” 
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the clinical picture was subsequently so w'ell publicized that lajonen 
often diagnosed the typical cases before summoning a physician, 
or did not summon one at all. 

It has been stated^ tliat epidemics of this condition were first, 
recorded in Iceland (1856) and Norway (1872), and also in England, 
Denmark, Sweden, Finland, Germanj'^ and Portugal. Local names 
are frequently given to the disease, such as “Bornholm s Disease 
after the Island of Bornholm, and “the Bamle disease” in Norway. 
In England the term “epidemic pleurisy” is popular. “Epidemic 
myalgia,” the name preferred by some,^ is based on the assumption 
that the pain has its origin in the muscles of the chest and abdomen; 
“epidemic pleurodynia” is the name which seems to have the most 
general use in the United States at the present time. The American 
reports of epidemic pleurodjmia are summarized in Table 1. When 
the disease was first recognized in Cincinnati during the summer of 
1935, the Health Department requested that physicians report it 
on the regular communicable disease forms. The total of 282 cases 
is probably much less than the actual incidence of the disease 
because so many were not seen by physicians. Chart I gives the 
onset of reported cases during the weeks of the epidemic. Communi- 
cations with several private hospitals and practising physicians 
show that the disease also appeared in the nearby portions of Ohio 
and northern Kentucky. 


Table 1.— Pbeviovs American Epidemics. 


Author. 


Title of article. 


Dahney2 


lieiUi’S 


Rcilli'* 


P.ayno and 
Armstrongs , 
HangerMcCoyl 
and Frantz® 
Grccnc’ 

Torrcys 

Chureliill, 
Landis and 
dusker' 
Richter and 
Levine'” 
Crone and 
Chapman" 
Callanay'5 


Location. 


Account of an epidemic re- 
sembling dengue which oc- 
curred in and around Char- 
bttesville and the Univer- 
sity of Virginia, in June, 18881 
An epidemic of intercostal 
neuritis 

An unusual jpain syndrome 
associated with the present 
wave of influenza 
Epidemic transient diaphrag- 
matic spasm 

An epidemic of mild fever of 
unknou-n nature 
Epidemic pleurodynia? 

Epidemic diaphragmatic pleu- 
rodynia or ‘.‘Derdl's Grip” 
An epidemic of undetermined 
nature: dengue? 

Epidemic pleurodynia 

Epidemic pleurodynia 

Epidemic pleurodynia 


Virginia 


New York 
City 

New York 
City 

Virginia 

New York 
City 

New York 
City - 
Philadelphia, 
Pa. 

Cape Cod, 
Mass. 

Boston, Masf 
Boston, Mas; 
Durham, N.C 


Year 
of epi- 
demic. 

Season. 

No. of 
cases. ^ 

1888 

Late BPrins: 

29 and *‘at 


and early 

least as 


BUiumer ' 

many 

more.” 

1899 

Late spring 
and early 
summer 

u' 

1921 

Late Bpring 
and early 
Bummer 

1 "Group. 

1923 

Summer ' 

27 

1923 

Summer 

16 

1923 

Summer 

141 

1924 

Summer 

4' 

1926 , 

Summer 

1 ,50 

1933 

! Summer and 

1 24 

1933 

early fall 

Summer and 
early fall 

30 

1934 

20 

1 


This Study is based only on the 282 cases reported from Cincin- 
nati. .Although the material is primarily epidemiological in nature^ 
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some of the reporting physicians sent in clinical and laboratory data 
which are of interest. 

Epidemiologic Aspects. The summer weather of Cincinnati tends 
to be warm and moist. There was a little more rain in the summer 
of 1935 than normal, and the average temperature was a little ele- 
vated above normal, but the deviations were not striking. 



Chart I. — Occurrence of epidemic pleurodynia in Cincinnati by weeks. 


, Distribution betw^een the sexes is approximately equal; of the 
282 cases, 145 (51.4%) occurred in males, and 137 (48.6%) in 
females, (In the population as a whole there is a slight preponder- 
ance of females.) 

The colored and white races appear to be about equally suscep- 
tible; 36 cases (12.8%) occurred in the colored inhabitants who 
make up 11.3% of the total population. 

Although no age group is exempt, the tendency to affect pre- 
dominantly children and young adults has been commented on by 
several writers on the subject, and is borne out by the observations 
in this epidemic. Table 2 shows the actual incidence by age groups; 
while Chart II shows the incidence rate per 100,000 in the same 
groups. Calculations are based on the 1930 census figures. 

The cases were well distributed over the city, showing no pre- 
dilection for the rich or poor, sanitary or insanitary, screened or 
unscreened houses. The "basin” is tike older portion of Cincin- 
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nati and is comprised of Census Tracts 1 to 11, U to 17, and 91. 
It lies along and near the Ohio Kiver bank, and is the area where- 
. poverty and congestion are most prevalent and ike screening of 
houses is at a minimum. This area contains 28% of the city s 
population and accounted for 29.4% of the cases of epidemic pleuro- 
djmia reported. 


Age. 

Under 5 yrs. 
5 to 9 yrs. 
10 to 14 yrs. 
15 to 19 yrs. 
20 to 24 yrs. 
25 to 29 yrs. 
30 to 34 yrs. 


Table 2. — Reported Cases by Age Groups. 


Cases. 

Age. 

Cases 

. . . . 73 

35 to 44 yrs. 

. . 18 

.... 55 

45 to 54 yrs. 

5 

.... 33 

55 to 04 yrs. 

. . 3 

. ... 31 

65 to 74 yrs. 

. . 0 

. . . . 17 

75 yrs. and over 

. . 2 

29 


— 

16 


282 



European authors^ clearly recognized the communicability of the 
disease, although this fact has not been so promptly recognized 
in the United States, perhaps because of the negative view expressed 
by Dabney- in ISSS. In this country the best demonstration of 
the communicability of the disease was made by Greene^ who 
reported an epidemic occurring in a children’s home in New York 
City; 11% of 1230 boys were affected, while the girls’ department 
on tlie other side of the street had not a single case. The reason 
was that there was no intermingling of the boys and girls, although 
tile climatic and mosquito surroundings were the same, as were also 
food, milk and water supplies. 

In the Cincinnati epidemic 24 groups of contact cases were 
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noted. Of the 244 localities from which cases were reported 24 
(9.8%) had more than 1 case. Not enough data are present for an 
exaet expression of the communicability index. 

No exact observations of the incubation time were made, but 
contemplation of the epidemic as a Avhole, and of groups of cases 
confirms the generally accepted vieiv that the incubation period is 
short, in the neighborhood of a iveek. 

Clinical Aspects. The diagnosis of epidemic pleurodynia is made 
almost entirely on a clinical basis, and with practically no help from 
the laboratory. Because of the unusual interest which the disease 
aroused in Cincinnati the attending physicians appended a few 
clinical notes to their reports in 86 instances. Such data are val- 
uable from tlie positive side because they tend to present features 
whieh impressed the attending pliA^jicians, but have no significance 
from the negative side. 

Of 77 cases in which single temperature readings were given, 45 
(58.4%) lay between 101° F. and 103° F. The upper extreme was 
104.6° F., and 4 normal readings were reported. The pulse rate 
was elcA^ated approximately in proportion to the temperature, and 
in no case ivas it reported as slower than normal. Chills ivere men- 
tioned 7 times, chilly feelings once, general malaise twice, headache 
23 times. Recovery was usually complete in 4 to 5 days, often less, 
and seldom longer. The cliaracteristic feature of the disease is the 
sudden onset of severe pain in the general region of the line of diaph- 
ragmatic attachment to the thoracic Avail. It is intensified during 
respiration. Usually it is unilateral and predominantly on the 
thoracic side of the diaphragm, but not infrequently the abdominal 
features are striking enough to eft’ect the simulation of an acute 
condition requiring surgical interAmntion. The pain tends to come 
in paroxj^sms, and may shift from one side of the thorax to the 
other. Frequently, there is tenderness of the chest wall along the 
line of diaphragmatic attachment. At the end of 12 hours consider- 
able improAmment is usually shoAvn. This may signify the termina- 
tion of the disease, but generally a relapse occurs on the tliird or 
fourth day almost as severe as the onset. From then on recoA^ery 
is usually speedy. No complications, no fatalities, and no prolonged 
conA^alescences Avere obserA’^ed. One case Avas reported in Avhich a 
second attack occurred 20 days after the initial onset; Avhether this 
is to be regarded as a relapse or reinfection is a difficult distinction 
to make. 

Physical signs are not A’^ery striking. Rapid shalloAV respiration 
because of pain is characteristic. The skin is hot because of 
fcA’er. Friction rubs are infrequent; only tAvo Avere mentioned in 
reports. This agrees Avith the experience of American authors aaRo 
haAm recorded none, or a low incidence; it differs somcAiRat from 
the experience of the English authors, Williamson,^^ Lloyd^'* and 
Atlee, Amsler and BeaumonP® who found friction rubs in over half 
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of their cases. Possibly the fact that most of the Cmcmnati cases 
were studied in the home prevented the detection of transient 
friction rubs which might have been disclosed during more close 
observation in a hospital. One of the two friction rubs reported 
lasted only for a short time. The other persisted for a week after 
subsidence of the acute symptoms. This occasionally prolonged 
persistence of the rub has been commented on by Williamson.^^ 

In only 9 cases were blood counts reported. Most of them were 
within normal limits. Two leukocyte counts were above 10,000. 
One of them subsequently fell to 3000, the only leukopenia in the 
group. Such a cycle, if common, would ei^lain the contradictory 
reports in which some authors have described a leukocjd;osis and 
others a leukopenia. No plasmodia were found in any blood smears. 

Differential Diagnosis. A few cases are suggestive of coronary 
thrombosis because of pain referred to the substernal region. Early 
pneumonia, pericarditis, and diaphragmatic pleurisy must also 
be considered. The chief danger arises when there is enough abdom- 
inal pain to suggest a surgical condition. Knowledge of the disease 
is the best safeguard against unnecessary operation. Usually the 
picture is characteristic enough to make the distinction easy, but 
at times it is very difficult. One very capable local surgeon informed 
us that he had removed tliree normal appendices in patients whose 
subsequent course showed them to have been afflicted with epidemic 
pleurodjmia. At the time of the third operation he knew of the 
epidemic, but the picture of appendicitis was so closelj'- simulated 
that he performed the operation. He observed that tlie appendix 
was normal, but the entire peritoneum had a somewhat violaceous - 
tint. 

Therapy. Therapy consists in relief of the severe pain and assur- 
ance that recovery will be early and complete. Occasionally, large 
doses of raorphin do not completely control the pain. 

Etiology and Mode of Transmission. The cause of the disease 
remains unknown. Attempts made in this epidemic failed to con- 
firm the plasmodium theory of Small.^® From observation of cases 
the spread seems to be through direct contact. 

Pathologiic Anatomy. There were no postmortem studies in this 
benign disease. Doctor Welborn’s*^ study of a biopsied intercostal 
muscle was negative. 

hnimniity. In an epidemic involving only one season nothing 
can be said concerning permanent immunity. 


+ 0 ,/ ^■sports in one family. This family group illustrates the charac- 
tenstic sjmiptoms of typical and mild cases and suggests an abortive case. 
Uif of/dults in indicated, also the communicability of 

the disease. This white family is a rather healthy one, perhaps slightlv 

^ financially, but well above the subsistence level. ^ 

^ Ctypical case), was admitted to the Cincin- 
nati Chddren s Hospita July 16, 1935. On July 14, 1935, he comnlained of 
pain in Ins stomach and had a temperature of 103° F. On the second day 
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he was symptom free and temperature was normal. At 4.00 p.m. on the 
third day he complained of pain in the left side of his chest and in liis abdo- 
men. His temperature rose to 103° F. Generalmalaise, headache, and some 
nausea were present, but no vomiting. Physical examination showed 
grunting respiration, muscle spasm all over the abdomen, and tenderness 
localized to the epigastrium. Recovery was uneventful after the third day 
of iUness. 

Case 2. — Ruth H., aged 6 (typical case) , had her onset and was admitted 
to the same hospital on July 19, 1935. The hospital record reads; “This 
6-year-old white female took sick this a.m. — pain in right flank. This was 
most complained of on inspiration. Child has not vomited, but fever has 
been complained of since onset of pains. Temperature 102° F. at present.” 
General physical examination was negative except for fever; on July 20, 
1935, temperature was normal; on the evening of July 21, 1935, temperature 
was up to 102.4° F. Recovery thereafter was rapid. 

Case 3. — John H., aged 10 (mild case), on the afternoon of July 20, 
1935, on arrival at a picture theater, was suddenly stricken with such severe 
pain low in the left side of the chest and in the epigastrium that he fell to 
the sidewalk. Companions helped him home, and his symptoms cleared 
up in about 24 hours. No physician was consulted during this illness. 

Case 4. — Carl H., Jr., aged 14 (mild case), on the evening of Jul 3 ’- 27, 1935, 
went to the office of a district physician of the Cincinnati Health Depart- 
ment because of a slight discomfort low in the right side of his chest. The 
district physician said— “Carl if you were sicker I should say that you had 
the ‘Devil’s Grip’ that the newspapers are so full of now.” Carl H., Jr., 
then gave the information that other members of Iris family had been 
stricken with typical severe manifestations of the disease. IBs tempera- 
ture and physical findings were normal. The symptoms were not severe 
at any time, and his recovery was rapid. 

Case 5.— Stephen H., aged 4 (possible abortive case), on July 29, 1935, 
had a temperature of 102° F., poor appetite and some malaise but no pain. 
By the next day he had recovered completely. 

The parents, Carl H., Sr., aged 47 and Catherine H., aged 36, remained 
weU during the epidemic, as did 2 other cliildren, William, aged 6, and 
Barbara, aged 14, who were away from home. 

Conclusions and Summary. 1. Epidemic myalgia or pleurodynia 
is an acute communicable disease characterized by severe pain in 
the region of the diaphragmatic attachment to the thoracic wall. 

2. Drrring the summer of 1935 an epidemic of this disease oc- 
curred in Cincinnati, Ohio, and 282 cases were reported^to the 
Health Department, 

3. Children are more susceptible than adults. 

4. White and colored, male and female, sanitary and unsanitary 
individuals are about equally susceptible. 
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ROCKY MOUNTAIN SPOTTED FEVER IN PENNSYLVANIA. 

By Harrison F. Flippin, B.S., M.D., 

EDWAHD BOK FELPOW IN MEDICINE AND BESIDENT IN MEDICINE, MEDICAL CLINIC OP 
THE HOSPITAL OP THE ■CNIVERSITT OP PENNSYLVANIA, PHILADELPHIA, PA. 

According to the United States Public Health Service records,^ 
only 3 cases of Rocky Mountain spotted fever have been reported 
to it from Pennsylvania, in 1930, 1932 and 1934, from Franklin, 
Delaware and Chester Counties, respectively. A case observed 
at the University Hospital, during June, 1935, is presented here 
in order to emphasize the salient features of the disease, and to 
remind the physician that the condition is no longer a medical 
curiosity in this region of the United States. We believe that the 
incidence of the disease, perhaps in a milder form, is greater in this 
section than these reports "would indicate, due possibly to the 
failure voluntarily to report the disease, or to faulty diagnosis. 

The disease was recognized in the Bitter Root Valley in Montana 
as early as 1873, but the clinical picture was first described by 
Maxcy,2 in 1899. Since its recognition, Rocky Mountain spotted 
fever is known to have recurred from year to year, with little 
variation in locality throughout states of the Rocky Mountain 
region. Rumreich et al.,^ in 1931, reported the first recognized 
cases in the East, from Delaware, Maryland, Pennsylvania, Virginia, 
Aortli Carolina, and the District of Columbia. Since tliis report 
a number of other workers^ have noted the appearance of the 
disease m this section of the country. How long it has existed in 
tins section, and how extensive has been its spread elsewhere is 
uncertain. It is known, however, that the disease is widespread 
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among many wild rodents, and is transmitted to man by the bite 
of an infected tick. The virus was demonstrated in these vectors 
by Ricketts.^ The Dermacentor variabilis (“Avood tick” or “dog 
tick”), shown to be the predominant carrier in the East,^ appears 
in March, becomes most preAmlent from May to July, and is occa- 
sionally found as late as October. Since these infected ticks usu- 
ally remain undetected until man contracts the disease, the epi- 
demiological character and geographic distribution of the disorder 
is based primarily upon human case reports. At present, the data 
indicate a focal endemic distribution, but sufficient information is 
not yet available for accurate delineation of the infected localities. 

Rocky Mountain spotted fcA’^er may be briefly defined as an acute, 
endemic, infectious but non-contagious disease, Avidespread among 
many Avild rodents, and transmitted to man by infected ticks. It 
is characterized clinically by onset Avith chills; a continued fever 
terminating usually by rapid Ij'sis after 2 or 3 Aveeks; headache, 
muscle and joint pains; a macular eruption Avhich becomes petechial, 
appearing about the fifth day on the Avrists, ankles and back, and 
then spreading over the entire surface of the body. Convalescence® 
may be protracted but is usually complete; the fever is occasionally 
followed by deafness, visual disturbances, slurring of speech and 
mental confusion for a fcAV AA’-eeks. The mortality in the eastern 
United States is about 25% J The pathologic findings® are refer- 
able to the vascular system, Avhere endothelial proliferation is 
folloAved by thrombosis, occlusion and perivascular accumulation of 
large mononuclear cells, particularly in the skin, brain, spleen and 
lymph nodes. 

Although the clinical course and the character of the exanthem 
leads one to suspect the disease, the diagnosis must be confirmed 
by laboratory studies. At some stage of the disease, usually by the 
end of the second Aveek, the blood contains sufficient specific agglu- 
tinins for one or more strains of proteus X, as demonstrated by the 
Weil-Felix reaction. Davis® emphasizes the importance of a second 
test about the tAventieth day, if the first specimen taken betAveen 
the tenth and fifteenth days fails to shoAV these agglutinins. It is 
desirable to test the serum against proteus X-2 as well as X-19, 
as the former may be positiA'^e ev'en when the latter is negatiA'^e. 

The Weil-Felix reaction is also positive in typhus fever. Rocky 
Mountain spotted feA’'er,;a tick-borne infection, occurs usually in 
the late spring and summer months. The rash is first noted on the 
wrists and ankles, Avith rapid extension oA'^er the trunk, face and 
extremities, including the soles and palms. TA^phus feA^er, on the 
other hand, a flea- and louse-borne infection, is most commonly 
seen in the fall and Avinter months. The rash makes its first appear- 
ance on the body, and unless the case is quite seA'^ere Avill not spread 
to the face and extremities. If necessary, guinea-pig inoculation 
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months. There was no evidence of rodent infestation and her home sani- 
tation was above reproach. About 2 weeks prior to the onset of her illness, 
the patient removed several ticks from her dog, but denied having been 
bitten. 



Fig. 1. — Photographs taken on the fourteenth day, showing the general distribution 
and petechial character of the eruption at this stage. 


On physical examination, one found an acutely ill white woman, with • 
temperature 103.2° F.‘, pulse 96 and respirations 20. The entire skin 
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surface, excepting the face, was covered by a macular eruption, va^ng 
in color from red to almost purple, and measuring from 2 to 5 mm. m 
diameter. 'Some of the spots disappeared on pressure. All of the joints 
were painful, and there was generalized muscular tenderness. Ihe tongue 
was heavily coated. Examination of the heart and lungs was negative 
except for the presence of a rather harsh systolic murmur heard over the 
apex of the heart. Laboratory studies showed 4,300,000 erythrocytes, 
83% hemoglobin (Sahli), 7500 leukocytes, a normal differential picture and 

essentially normal urine. . . , , i x* . r 

After admission (Chart I) the patient continued to have an elevation ot 
temperature, as well as joint and muscular pains. The chief complamt, 
however, was severe headache, intensified by _ ocular movement, and 
described as being worse than those suffered during an attack of typhoid 
fever (1910) . At the height of the illness, she experienced terrifjdng dreams, 
chiefly during the daytime. The rash (Fig. 1) soon spread over the face 
and oropharynx. The first Weil-Felix reaction (X— 19) on the tenth day 
was positive in a dilution of 1 to 200, and 3 days later in a dilution of 1 to 
3200. On the fourteenth day, using X-2 strain, it was positive in a dilu- 
tion of 1 to 200. The spleen was first palpable about the. sixteenth day of 
the disease. On the seventeenth day the pyrexia subsided almost by 
crisis, and the rash began to fade. The patient was discharged on June 30, 
after an uneventful complete recovery. 


'Summary. 1 . The case of a patient with Rocky Mountain spotted 
fever acquired in Delaware County, Pennsylvania, is presented, 

2. Physicians should be aware of the presence of this disease in 
the eastern United States, especially in rural sections, during the 
spring and summer months. 

3. The importance of reporting all cases as an aid in the epidemio- 
logic study of the disease is stressed. 
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It has been the general impression that German measles is a 
benign disease and that symptoms indicating involvement of the 
nervous system do not occur. Considering the frequency of the 
disease this impression is understandable. However, there is an 
increasing number of cases being recorded in the literature with 
very severe neurologic symptoms. We have seen 4 such cases in 
the past few months in hlassachusetts, where tliere has been 'an 
epidemic of German measles. It is the purpose of this article to 
report the findings in 4 cases of German measles in which the central 
nervous sj'stem was invoh'ed, and to re^'iew the literature on this 
subject. 

Case Reports. Case L— A white male, aged 5, on May 10, 1935, had a 
rash on his face and neck and a few swollen glands in his neck. He was not 
sick and went to school but was sent home on account of the rash. The 
family physician was called and a diagnosis of German measles was made. 
He advised the mother to keep the boy in the house for a few days. On 
May 13, while playing, he suddenly had a concision. The commlsive 
movements, which started on the right side and spread to the left side, 
lasted about 2 to 3 minutes. The patient was then unconscious for approxi- 
mately 45 minutes. He had another convulsion on the night of May 14, 
and 2 more on the night of May 15. 

On examination, on the morning of May 16, at this hospital, the patient 
was semistuporous. The temperature was 100° F. The head and eyes 
were deviated to the left. The pupils reacted normally to light and the 
optic fundi were normal. The right face, arm and leg were paralyzed. 
Visual fields could not be accurately tested, but the patient would not pay 
any attention to a light or other objects when presented in the right visual 
field, whereas he followed them readily in the left ^dsual field. Ps3’'cho- 
motor tests were unreliable. Spontaneous speech was absent, but he 
responded slowly to question. A few mistakes were made in naming 
objects placed before Iris eyes. Cutaneous sensation was apparently'’ 
unimpaired. The knee jerte were absent, but the anlde jerks were present. 
The abdominal and cremasteric reflexes were absent on the right, but 
present on the left. The left plantar response was flexor in type and the 
right was questionably extensor in toqje. 

Laboratory Data. The red blood count was 4,000,000; hemoglobin, 80%; 
white blood count, 7000. The urine was normal. Lumbar punctures per- 
formed on May 14 by Dr. Gorman showed that the ■ '■ ■’ "x-'l 

pressure was normal. The fluid was clear, containe< 
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Tipr p mm and the elobulin test ^s^as positive. On May 15, the cerebro- 
spinal fluid was under a pressure of 80 mm. of water, 
and contained 16 lymphocytes per c.mm. The pmtein content was 37 mg., 
sugar, 50 mg., and chlorid, 646 mg. per lOO cc. The colloidal-gold curve 

was 0121100000, and the Wassermann reaction was negative. _ 

Course. The patient improved rapidly and on the morning of May 17 
was bright and alert. The conjugate deviation of the head and eyes flad 
disappeared. Examination of the visual fields was normal and no dis- 
turbance of speech was detectable. The paralysis pf the right side was 
improving, but a few clonic movements of right face and arm occurred at 
intervals throughout the day. Within the next few days the wealmess of 
the right side rapidly disappeared. The knee jerks and the right abdonunal 
and cremasteric reflexes returned. With disappearance of the - paralysis 
a slight intention tremor developed in the right arm, wliich persisted for 
a few days. After 10 days the patient was allowed out of bed and played 
with toys and colored crayons without any evidence of weakness, tremor 
or awkwardness of the right arm or leg. He was kept in the hospital a few 
days longer because his sister had just developed German measles. Exam- 
ination of the spinal fluid before discharge gave normal results. The fluid 
contained 2 cells, the protein content was 27 mg., sugar 60 mg., chlorid 720, 
and the coUoidal-gold reaction negative. 

Case 2.— (Dr. Putnam’s Case.) A wliite housewife, aged 33, on May 24, 
1935, became ill with a rash, swelling of the postcervical glands, vomiting 
and slight fever j which was diagnosed as German measles by her physician. 
She was sick for only 1 day. On May 27, 3 days after the outbreak of the 
fash, there was a return of the fever and vomiting accompanied by severe 
headache, dizziness and vomiting. The following day the speech became 
slurred. Examination at that time showed nystagmus and absent abdom- 
.inal reflexes. On May 30, she complained of blurring of vision. She 
became disoriented and incoordination of the muscles was noted. On 
May 31, patient was in a curious uncooperative state, usually sulky, but 
occasionally facetious. She was imperfectly oriented as to time, place 
and person and her memorj’- was impaired. The nystagmus was still 
present and there was a slight weakness of the left side of the face. Move- 
ments of the arms were slightly incoordinated. The deep reflexes were 
normal, but the abdominal reflexes could not be obtained. Babinski’s toe 
sign was present on the left side. There was no stiffness of the neck or 
Kernig’s sign. 

Laboratory Data. The red blood cell count was 5,000,000 and the white 
blood count 11,000 per c.mm. The cerebrospinal fluid removed by lumbar 
puncture on May 31_was under a pressure of 80 mm. of water. The fluid 
was clear and contained 5 lymphocytes per c.mm. The protein content 
Tvvjooi sugar, 73 mg. per 100 cc., and the colloidal-gold curve. 

Course. The patient improved rapidly and was free of all symptoms 
within a few days. On examination 2 weeks later she was clear mentaUj’’ 
and the neurologic examination was negative except for absent abdominai 
re^xes and a questionably abnormal plantar response on the left side. 

UASE o.— (Dr. Horrax’ Case.) A white boy, aged 14, on May 14, 1935, 
developed a rash and swollen glands in the neck, which was diagnosed as 

physician. Two of his siblings were also 
® German measles. He remained in bed for 
u R the rash disappeared. On May 20, 6 days after the onset of the 
rash, he began to complam of headaches and on the nexd day, after vomiting 

On^Miv^l^'h^hM^*^ from which he recovered after a few minutes^ 

2 horns On Mav unconscious for 

nours. Un iMay 23, he agam became unconscious, with labored respira- 
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tions, and was brought to the New England Deaconess Hospital. On 
the way to the hospital he recovered consciousness and twitching move- 
ments of the head, left arm and left leg occurred. Immediately on entry 
to hospital he again became comatose, the respirations depressed and he 
appeared in a critical condition. 

Laboratory Data. A lumbar puncture was immediately perfoimed. 
The pressure was 400 mm. of water. The fluid was clear and contained 
45 white cells per c.mm. The protein content was 60 mg.; sugar, 60 mg.; 
chlorid, 714 mg., and the colloidal-gold and, Wassermann reactions were 
negative. There was immediate improvement in the patient’s respirations, 
the cyanosis disappeared and convulsions did not recur. 

Course. He continued to improve and within 24 hours was conscious 
and rational and remained so. Neurologic examination was negative 
except for a slight right facial weakness and inequality of the pupils. He 
remained in the hospital for 10 da 3 's and was discharged without an 3 ' 
symptoms or abnormal signs. 

Case 4. — An Italian female, aged 9, was admitted to this hospital, Jub’’ 10, 
1935, in a semicomatose condition. The mother stated that the child had 
been perfectly well until July 6, when a rash appeared on the arm, which 
rapidly spread to involve neck, face and chest, accompanied by slight fever. 
The child did not feel ill, but was kept in the house for 2 da 3 ’’S, by which 
time the rash had disappeared. On the morning of July 10, while playing 
in the 3 'ard, she suddenly fell to the ground unconscious. She arose after 
a few seconds, ran confusedly around the yard and began to beat her head 
against a stone wall. She was carried to her home in a rigid state, C 3 ’’anotic 
and frothing at the mouth. The fan^y physician was called and the 
patient was given a h 3 '’podermic injection, after which she became quiet. 
In the afternoon the patient awoke and became maniacal, thrashing about 
in the bed, screaming loudly and would not respond to questions or com- 
mands. She was then brought to the hospital. 

Examination at that time showed in addition to the mam’acal beha^dor, 
stiffness of the neck, Kernig’s signs and bilateral Babinski’s sign. The 
knee and ankle jerks could not be obtained and the abdominal reflexes were 
absent. The temperature was 103° F., pulse 130 and blood pressure 90/60. 

Laboratory Data. The red blood count and hemoglobin content of the 
blood were normal. The white blood count was 15,000. The urine yras 
normal. The cerebrospinal fluid removed at cistern puncture was under a 
pressure of 80 mm. of water, and contained 30 cells per c.mm., 75% of 
which were lymphocytes. The protein content was 79 mg.; sugar, 82 mg,; 
chlorid, 655 mg. per 100 cc., and the colloidal-gold curve, 0012321000. 
The blood and cerebrospinal fluid Wassermann reactions were negative. 

Course. She became more confused and restless and refused to take 
fluids b 3 ’- mouth. The temperature rop to 105° F. about 8 hours after 
entry. Large doses of sedatives were given to quiet the patient and fluids 
were forced by catheter introduced into the esophagus through the nose. 
The child remained delirious for about 48 hours, gradually improving, and 
on July 13, the third day after admission, she was able to sit up in bed and 
talk rationally. The stiffness of the neck was still present, but the reflexes 
had aU become normal. Ten days later the patient was discharged from 
the hospital with no residua. 

We have been able to find 7 cases described in the literature."^ 
These cases will be discussed in connection with our own. In 
addition to these 7, several other cases are mentioned. Benard^® 
reported that he has seen 12 cases of German measles with meningeal 
symptoms in which the cerebrospinal fluid contained excess cells. 
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He also quotes Sevestre as reporting the case of a young woman with 
delirium during an attack of German measles^ Alliot as mentioning 
stiffness of the neck and conjugate deviation in 1 case^ and Labougle 
as reporting the case of a soldier with fever, violent headaches, semi- 
coma, and athetoid movements, with recovery. Siegh'* states that 
Freud and Rie cite several cases of hemiplegia after German measles 
in their monograph on infantile hemiplegia. These cases are not 
included in the discussion because the original reports were either 
inadequate or were not available to us. 

Discussion. The signs and symptoms in the cases of encephalo- ' 
myelitis following German measles (rubella) recorded in the litera- 
ture and in those examined by us are the same as those described 
by Ford^ in cases of measles (morbilli). In general, the cases may 
be divided into two groups according to the clinical symptoms 
indicating the portion of the central nervous system most severely 
involved: (1) Cerebral; (2) spinal cord, or brain stem.. Meningeal 
symptoms, such as headache, stiffness of the neck and ICernig’s 
sign may be present in either group or may occur as the only indi- 
cation of involvement of the nervous system. The cases with 
cerebral involvement may show mental confusion, delirium, stupor, 
coma, convulsions, hemiplegia, or other focal signs. Those with 
spinal cord 'or brain-stem involvement show paraplegia, urinary 
retention, pyramidal tract signs, absent reflexes, diplopia, or cranial 
nerve palsies. 

Table 1 gives a summary of the 7 cases reported in the literature 
and our 4 cases. These cases are analyzed more in detail below. 


Table 1.— Sommabt op the Symptoms and Signs in 11 Cases of Encephalo- 
ipyelitis Folloiving German Measles, 


Author. 


Bcnard . 

Dehr6 . 

Dcbrfi . 
Brock . 

SicpI 

Gcnncs . 

Skiuner 

Atithors: 
C.use I 


Age. Sex. 


8 

23 


10 


33 


U 

9 


M 

U 

V 


M 


M 


M 

F 


Days 
after 
onset 
of rash. 


4 

2 

2 

3 

4 
o 
3 


Head- 

ache. 


0 

0 

A 

-f- + 
+ + 
0 


+ 

4 - 

0 


Comnil- 

sions. 


0 

+ + 

+ + 

0 

4~ 

0 

-f- 

++ 


-h 

+ 


stiff 

neck. 


0 

0 

0 

+ 

0 

+ 




0 

+ 


.Neurologic 

signs. 


Paraplegia; later bulbar 
paralysis 

Coma; conjugate deviation 
to left 

Coma; mental symptoms 

Diplopia; urinary retention; 
Babinski 

Alental confusion^ bilateral 
Babinski 

Alental confusion; urinary 
retention 

Mental confusion: absent 
reflexes; Babinski 

Conj. dev. to left; right 
hemiplegia and hemianop- 
sia; absent K. J.; cerebel- 
lar signs 

Mental confusion: nystag- 
mus; left Babinski 

Coma; muscle tn-itchinga 

Mental confusion; delirium- 
absent reflexes; bilateral' 
Babinski 


Result. 


Died. 

Recov. 

Recov. 

Recov. 

Recov. 

Recov. 

Recov. 

Recov. 

Recov. 

Recov. 

Recov. 
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Age and Sex. The age varied between 5 and 33 years, with the 
great majority under 15. They are about equally divided between 
the 2 sexes. 

Time of Onset of Involvement of the Central Nervous System. .The 
interval between the appearance of the rash and the onset of neu- 
rologic symptoms in the 11 cases varied between 2 and 6 days, 
with an average of 4 days. 

Vital Signs. The temperature is usually normal or only slightly 
increased with the onset of the involvement of the nervous system, 
but rarely it may be markedly elevated (103° to 105^ F.), as in 
our Case 4. The respirations are usually not affected, but they 
may be markedly depressed, as in our Case 3. 

Neurologic Signs and Symptoms. Headache was a presenting 
symptom in 6 of the 11 cases. Stiffness of the neck, or Kernig’s 
sign, was found in 4 cases; attacks of unconsciousness with convul- 
sive movements in 7 cases, mental confusion in 6, conjugate devia- 
tion of the head and ej^es in 2, diplopia in 1, nystagmus in 1, hemi- 
plegia and hemianopsia in 1, urinary retention in 2, paraplegia in 1, 
absent deep reflexes in 3, Babinski’s toe sign in 5, cerebellar signs 
in 1 case and bulbar paralysis in 1. 

T.'i.BLE 2 .— The Cerebrospinal Fluid Findings in 11 Cases op Encephalo- 
myelitis Following German Measles. 


Cerebrospinal fluid findincs. 


Author. 

Pressure, 1 
mm. of water. | 

Cells, 
per e.mm. 

Protein, 
mg./lOO CO. 

Sugar, 
mg/lOO CO. 

Colloidal 

gold. 

Benard 






Debr6: 






Case 1 


■23 

45 



Case 2 ... 


400 




Brock 

... ) 

296 

70 



Siegl ... 

... 

33 




Gennes 

... 1 

90 

40 

70 


Skinner 


13 




Authors: 

1 





Case 1 . . ... 

S5 1 

50 

35 

50 

0121100000 

Case 2 

80 ! 

5 

82 

73 

1123221100 

Case 3 

400 

45 

GO 

60 

0000000000 

Case 4 

GO ; 

30 

79 

82 

0012321000 


* Reported as increased. Number not given. 


Cerebrospinal Fhiid. The cerebrospinal fluid findings are sum- 
marized in Table 2. They are similar to those reported by Ford= 
in cases of measles encephalitis. The pressure is usuallj'' normal. 
Rarely it may be moderately or markedly increased (400 mm. in 
our Case 3). The cell count is increased, usually varying between 
10 and 200 per c.mm. Rarely only a few cells are present or there 
may be several hundred cells per c.mm. (400 per c.mm. in Debre’s 
Case 2). Lymphocytes are the predominating cell type, but a few 
neutrophils are usually present. The protein content is moderately 
increased. The sugar content is normal. The chlorid content is 
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normal or slightly decreased. The colloidalrgold reaction is normal 
or shows a midzoiie curve. The fluids are sterile. ^ 

Pathology. The pathology of encephalomyelitis following German 
measles has never been carefully studied. A necropsy was per- 
formed in Benard’s case, but the histologic changes were not 
described. He merely states that there was an acute myelitis, 
disseminated over the entire cord. There is no reason to believe 
that the lesion in these cases is any different from that of measles 
encephalomyelitis as described by Greenfield,® and by Ferraro and 
Scheffer .■* The etiology of the nervous involvement is not known. 
Similar pathologic changes have been reported in cases of encephalo- 
myelitis following variola, vaccinia and other exanthemata. It has 
been suggested that possibly a filtrable virus may be the etiologic 
factor, but it is our feeling that the lesions can best be explained 
on the basis of 'vascular changes as suggested by Putnam.® 
Frequency. We are unable to give any estimate as to the fre- 
quency of involvement of the central nervous system in cases of 
German measles. We are sure that the few cases reported in the 
literature do not represent a fair estimate of its occurrence, as most 
neurologists with a ivide experience have encountered 1 or more 
cases. It is probable, however, that the frequenc 5 ^ is less than the 
0.4% as given by Ford for measles.® 

Diagnosis. IWien the tjqiical history of the onset of mental or 
neurologic symptoms 2 to 6 days after the rash is obtained there 
is usually no difficulty in the diagnosis. The cerebrospinal fluid 
findings serve to confirm the diagnosis. There has been doubt, 
however, in the minds of some clinicians concerning the validity of 
the diagnosis of German measles (rubella) in the cases that later 
develop encephalomyelitis, and they properly question whether, 
these were not mild cases of measles (morbilli). The diagnosis in 
both of these exanthemata is a clinical one. Therefore we do not 
see the justification for making a retrospective change in the diag- 
nosis in a typical case of German measles when neurologic symptoms 
develop. 


Prog7iosis. There has not been a sufficient number of cases 
recorded in the literature to draw any definite conclusions in regard 
to^ the mortality or as to the ultimate outcome in the cases that 
live. Only 1 of the 11 cases shown in Table 1 died, which gives a 
mortality of 9%_. This is approximately equal to that (10%) 
• “^®asles encephalitis. Ford . reported sequelae 

in 0o% ot the cases of measles encephalitis divided as follows: 
residual weakness, 30%; ataxia, 12%; mentality defects or person- 

cases of 

e cephalomj ehtis tollowmg German measles has shoum anv par- 
alysis or ataxia, most of the cases recorded in the literature, as well 
as those obser^^d by us, have not been followed long enou^ to 
determme whether cental detects, personality ohanges%r eX=y 



696 


WILSON, levin: 


may result. It is perhaps noteworthy that the disabling Parkin- 
sonian syndrome, which is so frequently a sequel of epidemic 
encephalitis, has never been recorded in the post-measles or post- 
German measles encephalitis. 

Summary. The clinical history and findings in 4 cases of enceph- 
alomj^elitis following German measles (rubella) are reported. The 
literature on this subject is reviewed and these cases are compared 
to those that occur after measles (morbilli). 


AVe wish to thank Dr. T. J. Putnam and Dr. G. Horrax lor permission to report 
their cases. 
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OBSERVATIONS ON THE EFFECT OF MALARIA ON THE 
WASSERMANN REACTION. 

By Robert Wilson, Jr., M.D., 

INSTRUCTOR IN MEDICINE, MEDICAL COLLEGE OF THE STATE OF SOUTH CAROLINA, 

AND 

Stanley L. Levin, hl.D., 

FORMERLY RESIDENT IN MEDICINE, ROPER HOSPITAL, CHARLESTON, S. C. 

(From the Department of Medicine, Medical College of the State of South Carolina.) 

The occasion not infrequently arises in sections where malarial 
fever is prevalent when it becomes necessary to interpret a positive 
Wassermann reaction of the blood serum taken during the course 
of such an infection. The question as to whether or not malarial 
fever does cause such changes in the blood serum as may give false- 
positive serologic reactions has been much disputed, and has been 
the subject of many reports. Because of the inconclusiveness of 
the available literature and because of the importance of this ques- 
tion in the subsequent management of the patient, we have thought 
it worthwhile to review the experience of the Roper Hospital, 
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situated in a locality where both malaria and syphilis are common, 
in an attempt to throw further light on this disputed point. 

While an extensive literature has accumulated regarding tne 
influence of malarial fever on the Wassermann reaction, most 
reports deal with cases studied some years ago, in which only 
complement-flxation tests were performed, and before many of the 
newer serologic tests for syphilis had been developed. According 
to Lloyd and Mitra,^ the opinion that malaria is^ responsible for 
non-specific positive reactions in certain cases originated largely 
from the address given to the British Medical Association by Wasser- 
mann in 1910. These authors have prepared an excellent summary 
of the more complete reports up to the time of their writing, from 
which they conclude that little reliance may be placed on many 
of the earlier observations because of faulty technique in the per- 
formance of the serologic tests and because of the inadequacy of 
precautions taken to exclude the possibility of syphilis. In their own 
cases, 85 in number, positive reactions were found in 14%, which 
they state falls easily within the expected sjqihilis rate of their 
hospital population in Calcutta. They conclude, therefore, that 
there is no evidence that malaria causes positive serologic reactions 
when modern techniques are carried out. A similar conclusion is 
reached by Thomson and Mills,^ Iyengar,^ Levy,^ Johnson,® and 
Chambers.® 

A diametrically opposite view is taken by other observers, many 
of whom maintain that at times malaria is a cause of false-positive 
serologic reactions. Craig^ made this statement in a paper upon 
the complement-fixation test published in 1910, and repeated the 
opinion apin in 1921.® St. John,®, likewise, found non-specific 
reactions in 4.9% of a total of 101 cases of acute malaria. More 
recently, in the studies made for the evaluation of the serodiagnostic 
tests for sj'plulis in this country of 36 presumably non-sjq)hilitic 
patients with malaria, positive serologic reactions were found in 
from 8.6 to 20.6%. 

Confusion in regard to this question has arisen largely from 
two factors. In the first place, the results have been obtained over 
a period of years, using widely different modifications of the original 
complement-fixation technique, all of these being designated as the 
Wassermann reaction. It is of particular significance that most of 
the false-positive cases were reported in the early days of the 
complement-fixation test, and that with the modern advances in 
technique and in standardization, fewer non-specific positive reac- 
tions are being reported now than formerly. Secondly, because a 
definite history of primary infection is so often lacking, and because 
the_ physical signs of the latent stage of sjqihiHs so often escape 
notice, the correct interpretation of a positive serologic reaction 
presence of another infection, is beset with difficulty! 
\\'hile It IS surely safer to place more reliance on serologic than on 
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other evidence of sj^hilis, some observers seem to have erred in 
accepting the former with too much finality, and they are liable 
to almost as much criticism as those who dismiss the possibility 
of sjqihilis when a suggestive history or physical findings are not 
obtained. The middle road is indeed diflRcult to reach. 

Material and Results. The present study is based on the case 
records of 262 '’patients, representing all of the cases of malarial 
fever admitted to the Roper Hospital during the years 1930 to 
1934, inclusive, in which parasites were found in the blood smear 
and the serologic tests for syphilis were performed. Those cases 
were excluded in which the tentative diagnosis of malaria was made, 
based on clinical findings but unsupported by positive identification 
of parasites, as well as all cases in which serologic tests were not 
carried out. Throughout this period, the Kohner modification 
(qualitative) of the complement-fixation test was used; in addition, 
during 1930 and 1931, the standard Kahn flocculation test was done 
routineljq while from 1932 to 1934, the Kline diagnostic test was 
carried out. The series of 262 patients includes 134 whites and 128 
negroes. P.'vivax was found in the blood smear in 159 instances, 
P. jalcipanim in 75, both tjqies of parasites in 15, while in 13 cases 
positive differentiation between the two tjqies was not made. In 
this group of patients, negative serologic tests were found 192 times 
(107 white, 85 negro), and positive results of varying degrees of 
strength in 70 cases (27 white, 43 negro). 

In attempting to interpret the positive serologic findings in the 
group of 70 cases in which they occurred, a study was made of all 
relevant data that could be obtained: (1) A suggestive history of 
primary or secondary lesions of sjqihilis; (2) a history of previous 
specific treatment; (3) previous serologic tests; (4) subsequent sero- 
logic tests; (5) physical findings suggestive of s.^^ihilis, or findings 
compatible with that diagnosis, another explanation for which was 
not found. On the basis of these criteria, 23 cases were excluded 
as definitely sjqihilitic and 23 cases as probably sjqihilitic. In 
9 cases adequate follow-up studies could not be made and these, 
therefore, were likewise excluded. Of the remaining cases', 15 in 
number, we believe 13 were definitely non-sjqihilitic and 2 possibly 
so in which the positive serologic tests were due to malaria; in 
none of these cases was there a history of any primary or secondary 
lesion, and in all physical examination disclosed none of the signs 
of a latent sjqihilitic infection. The essential findings in the first 
12 cases of this false-positive group are noted in Table 1. None 
of these patients received antisjqihilitic treatment, either before or 
during their attack of malaria, or afterwards in the interval between 
serologic tests. 

One additional case seems worthy of more detailed consideration. 
The patient, a white man, aged 26, was admitted to the hospital - 
on June 28, 1934, with a story of fever of 3 days’ duration, and 
nausea and vomiting. Slight rigidity of the neck, noted early the 
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next morning, led to lumbar puncture. The findings in this and 
in the subsequent spinal fluid examinations, along with the results 
of the serologic tests on the blood serum, are noted in Table 2. 
The patient remained afebrile for several days after admission, 
but the fever returned, and on Julj’^ 10 malarial organisms of the 
tertian tjqie were found in the blood smear. Treatment with 
quinin was begun, the serologic tests on July 16 being done after 
75 grains of the drug had been given. Neither during the patient’s 
stay in the hospital nor at subsequent examinations were any 
physical or neurologic signs noted to substantiate a possible diag- 
nosis of sjq)hiiitic involvement of the central nervous system. 

Table 1. — Patients 'vn'ith False-positive Wassermann Reactions Due to 

Malaria. 


No, Color.! 


Tvne Therapy Temp. I 

before at Bepeat Repeat 1 

serologic time Date, serologic Date. serologicUjfo|’ 

ITS. test. 1935. 

gr. taken. 


W 19 T i Q 25 102 W 0 

PI K++ 


W 27 T I Q 70 100.6 W++ 9-18.33 W 0 12-15-34 

j K -F K 0 


99 W -F 11-6-33 W 0 11-23-33 W 0 2-3 

K++ K 0 • K 0 




99 W-F+-F+ 

K++++ 


8-29-34 W 0 1 1-19 
KO I 


98.6 W-F-F++ 12-13-34 W 0 1-27-35 

K 0 K 0 


W I 34 T Q 60 I 99 W-F-F 10-2-33 W 0 3-14-35 W 0 | 7-24 

1 I K++ K 0 K 0 ' 


c i 3 T A 9 99.4lW++-F 9-6-34 ITo 1-27-35 

1 i K-F K 0 


0 j 15 T ! A 3 I 104 I W 0 

1 1 - K++ 


7-23-34 W 0 7-30-34 W 0 ' 3-26 

K+ K 0 


W I 7 EA 1 A 12 99 W-F-F i 11-13-33 W 0 1-24-35 

I P H K 0 I K 0 

■ ■ • ''T Q -lO >01 ! W-F-F+ 1 8-0-34 ITo 8-20-34 W 0 ' 1-14 

- ' ! jKO i KO KC i 

" • • ■ ^ 14 , EA i None 101 1W-F+-F+ 8-30-34 W-F-F 9-6-34 W 0 i 1-27 

! j K 0 K 0 K 0 . 

■ • • j : >1 ' M A 71 100 IW-F-F+ 11-13-34 Ivo 11-16-34 

, j , j jKO KO 

Abbrev,at,o.«= T =Jertian^EA Q = quinin sulph.; A = Atebrin; P = 

Table 2.-Case with False-positive Spinal Fluid Wassekjlvnn Reaction. 
Date; 6-29. ?-■> 7.9 7 1 k 

Spinal fluid serology . W-F-F-F-F .7 W O w'o ' 

Spinal fluid cell count ^ 4 ' ' ° ^ ® 

,vo :: wi+ wo wo 

TomwMun, . . , n„, K^O K 0 

w = Kolmer test. K = Kline test. 


7-9. 

7-16. 

Nov. 

W 0 

W 0 


K 0 

K 0 



5 



W-F-f 

W 0 


K 0 

K 0 

100° 

99° 

Nor. 
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Discussion. From the evidence at hand, it would seem that in 
all of the above cases the positive serologic tests were non-specific, 
^^diile historic methods are notoriously inadequate and while the 
physical signs of a latent sj^ihilitic infection are often minimal and 
difficult to elicit, in the absence of both of these indications the 
diagnosis of sjqihilis cannot be sustained when the sole basis for 
the latter has been a wealdj^ positive serologic test. And this is 
especiallj^ true when the serologic reaction becomes and remains 
negative without any specific treatment whatsoever. In the group 
of 13 false-positive cases, there was agreement between the Kolmer 
and Kline tests in 5 cases and complete disagreement in 8; of the 
latter, the Kline test remained negative in 6, the Kolmer test in 2. 
In the 3 cases of estivo-autumnal malaria and the case of mixed 
infection, the Kline test was negative. The temperature at the 
time the blood was taken for serologic tests seemed to have made 
no difference in the results, being under 100° F. in 7 cases, and over 
100° F. in only 6. The kind and amount of treatment prior to the 
test was likewise inconsequential in the results obtained. In the 
group of 193 sero-negative cases, which may be used as controls, 
the temperature ranged from normal to 106° F., and the amount 
and Idnd of treatment before testing was also sufficiently varied 
as to serve as an adequate control for this possible factor. 

Whether or not the positive spinal fluid complement-flxation test 
in Case 13 (Table 2) can be considered as a non-specifie reaction 
due to malaria is debatable. This condition has not been pre- 
viously reported, but it is not surprising in view of the fact that the 
occasion for lumbar puncture does not arise very frequently in 
patients with malaria. In this case, while the patient was undoubt- 
edly infected with malaria at the time the test was performed, para- 
sites' were absent from the peripheral blood and there was no fever. 
The temperature did not begin to rise again until about 1 week later, 
after which 'time tertian organisms were definitely identified. How- 
ever, no other possible explanation for this false-positive result can 
be advanced, and it is reported here as being possibly due to malaria. 
In 7 other cases in which spinal fluid examination was made, the 
results were negative in 5, and positive in 2 known syphilitic 
patients. 

Statistical analysis shows that in the entire group of 262 patients, 
positive serologic tests were found in 20.1% of the white patients 
and 33 % of the negro. The normal syphilis rate for this community 
was studied some years ago by Johnson,^^ whose reported that in 
30,000 serologic tests, 15% were positive in white patients, 45% in 
negro. The discrepancy between these figures and the percentages 
found in the group of malarial cases probably lies in the fact that 
almost half of the negro patients in the malaria group were under 
12 years, whereas in the general hospital population, children 
account for a much smaller percentage of admissions. If the adult 
negro patients are considered alone, 48.5% gave positive serologic 
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at ivliich times the serologic tests remained negative. The most 
recent suggestion as to the cause for the occurrence of these non- 
specific reactions has been made by Fischer and Gunsberger/^ who 
claim that the positive serologic reaction is traceable to the presence 
of antibodies directed specifically against erythrocytic lipoids liber- 
ated by the action of the malarial parasites on the red blood cells. 
These authors describe an extract of beef heart, relatively poor in 
these lipoids, which generally does not react with serum from 
malarial patients or reacts only weakly, although it is an excellent 
•antigen for the test for sj^ihilis. They state that the Wassermann 
reaction carried out simultaneously with the erythrocytic reaction 
can distinguish Wassermann-positive malaria from sjqihilis. 

Summary. Because of the controversial nature of the literature 
in regard to the influence of malarial fei'er on the Wassermann 
reaction, we have examined the case records of 262 patients with 
malaria. Excluding those cases in which there was anj’’ suggestion 
of the possibility of sjqihilitic infection, non-specific positive sero- 
logic results were found in 6.3%. 

One case is reported in which the spinal fluid complement-fixation 
test was positive, most probably a non-specific reaction due to 
malarial infection. 

The authors -tvish to express appreciation to Dr. Francis B. Johnson and the mem- 
bers of his laboratory staff for their assistance and suggestions in this study. 
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COLLAPSE THERAPY FOR TUBERCULOSIS IN THE SMALL 

SANATORIUM. 

By Roger J. Hanna, M.D., 

MEDICAL DIKBCTOB AND SUPERINTENDENT, JACKSON COUNTY SANATORIUM, 

JACKSON, MICH. 


When 'this sanatorium was opened, in 1931, the extensive use of 
collapse therapy was, with rare exceptions, restricted to large sana- 
toria and other tuberculosis centers. Being convinced that collapse 
therapy was as essential for good results in a small sanatorium as 
in a large one, we determined to give our patients the benefit of 
this therapy whenever indicated. The results of this program, 
from every point of view, have been so satisfactory that we feel 
that our experience should be reported briefly. 

The Jackson County Sanatorium has a capacity of 68 adult 
patients. The medical staff consists of only one physician, who 
also conducts the out-patient department and administers the 
business affairs of'the institution. He carries out all pneumothorax 
treatments. At a distance of 35 miles there is ah experienced 
thoracic surgeon who is consultant of the sanatorium. He visits 
the sanatorium at frequent intervals for a medico-surgical consul- 
tation. He performs only the phrenic nerve operations at the ■ 
institution; more extensive operative procedures are performed at 
his hospital where the patients may be under constant surgical 
supervision during their immediate postoperative convalescence. 

The ensuing study covers the period from January 6, 1931, to 
September 1, 1934. 

The National Tuberculosis Association has recently published 
average results based upon a survey^ of all civilian sanatoria in the 
United States in 1931. It is well loiown that the percentage of use 
of collapse therapy in the country as a whole in 1931 was relatively 
low. Seventeen per cent of the patients in their report were dis- 
charged as arrested or apparently arrested, 41% as quiescent or 
improved, 19% as unimproved and 23% as dead. One hundred and 
nine patients have been discharged from this sanatorium, where 
48% have received collapse therapy, with the following results; 
55% arrested or apparently arrested, 25.8% quiescent or improved, 
0.9% unimproved and 18.3% dead. 

The National Tuberculosis Association figures show that 49% 
of the patients were in the far-advanced stage of tuberculosis upon 
admission, 28% moderately advanced and 15% minimal. The cor- 
responding figures for the Jackson County Sanatorium concerning 
10/ admissions are 59.2 %, 28 %, and 12.8 %, respectively. 

The contrast between the foregoing discharge results is even more 


* The stage of the disease and the results 
of the Nation.-!! Tuberculosis Association. 


are classified according to the criteria 
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striking if the fact be accepted that the great majority of the 
patients who were unimproved, and a considerable proportion of 
those classified as improved and quiescent, will probablj’- die. 
Nineteen per cent of the patients in the National Tuberculosis 
Association report were classified as improved upon discharge and 
an additional 23% were dead upon discharge, a total of 42%. 
Only 0.9% of our patients were unimproved upon discharge and 
18.3% were dead, a total of 19.2%. The sum of the dead, unim- 
proved, improved and quiescent in the National Tuberculosis Asso- 
ciation report is 83%, and in our report only 45%. Only 17% of 
the National Tuberculosis Association patients had arrested tuber- 
culosis, whereas 55% of ours had. Still further significance may 
be attached to the comparative results when it is revealed that 
45% of those dying in our group were too iU to be considered for 
collapse therapy— this giving a death rate of but 10% among aU 
patients considered upon admittance as having an.y possible oppor- 
tunity of recovery. Incidentally, we have made no attempt to 
select favorable cases for admission; tliis is illustrated by the fact 
that 59.2% had far-advanced tuberculosis upon admission, whereas 
only 49% of* the patients admitted to all ci\'ilian sanatoria in the 
United States in 1931 had far-advanced disease. 

We have used collapse therapy on every patient for whom we 
felt that it was strongly indicated. In some of our minimal and 
.moderately-advanced cases and in a few far-advanced cases we 
did not use collapse therapy because we felt that their chances of 
recovery without it were good and our limited financial resources 
at the time required that we should reduce expenditures to the 
minimum. Nevertheless, we believe that temporary phrenic paral- 
ysis or pneumothorax should be used even for those cases who may 
recover vathout collapse therapy, for the reason that these rdeasures, 
when properly used, definitely increase the chances of recover^'- 
and hasten it. 

Collapse therapy has been used upon entrance in onlj'^ 5% of 
our minimal cases, in 50% of our moderately-advanced cases, and 
in 56.9% of our far-advanced cases: an average total of 48.4%. 
It is interesting that 36% of our far-advanced were admitted to 
the sanatorium in such poor condition that no collapse therapy 
could reasonably be considered. 

During the 3| years, 109 of the 157 patients with the adult type 
of pulmonary tuberculosis who have been admitted to the sana- 
torium have been discharged. The 109 patients do not include 
16 who left, against medical advice, less than 3 months after admis- 
sion, or who entered the sanatorium witliin 3 months of the prep- 
aration of this report. These patients are excluded because they 
ob'sfiously are unsuitable to illustrate the effect of treatment. 

The results upon discharge of the 109 patients in whom . the 
results of a fair trial of treatment are known appear in Table 1. 
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Table 1.— Results at Time of Dischabqe (109 Patients), 


Classification 
at admittance. 

1 Arrested 
or appar- 
i ently 1 
arrested. I 

1 Quies- 
cent. 

Im- j 
proved. 

TJnim- ^ 
proved I 
or 

worse. 1 

Died. 

Total. 

iNo.j 

%• 

1 1 

iNo 

1 1 

'%■ 

No.j 

%. 

No. 

%■ 

No. 

1 

%. j 

No. 

%• 

Minimal 

U 

1 

93.3 

0 

0.0 

1 

1 

6.7 

0 , 

0.0* 

1 

0i 

0.0 

i 

15 

100.0. 

Moderately advanced . 

24 

72.8 

6 

IS.l 

2' 

6.1 

0 

0.0 

•i! 

3.0' 

33 

100.0 

Far advanced . 

22 

36.0 

9 

14.8 

10 

16.4 

1 ! 

1.6 

19 

31.2 

61 

100.0 

Total 

60 

55.0 

15 

13.8 

13 

12.0 

1 

0.9 

1 

20 

IS. 3 

1 

109 

lioo.o 

i . 


^Vliitney and Myers^ reviewed the results of nearly 7000 cases 
discharged from two state sanatoria, one in an eastern industrial 
state and one in a southern agricultural state. They report 39% 
of the far-advanced cases as having died by the end of the first year 
and 52% by the end of the second year. After excluding patients 
leaving against medical advice after hospitalization of more than 
3 months, and excluding transfers to other institutions, we have 
been able to follow 70 patients who have been voluntarilv discharged 
by us vdthin from 3 years to 3 months and find 95.8% still well, 
iwth no deaths. The tuberculosis in 3 (4.2%) became reactivated; 
these 3 patients, who had not previously had collapse therapy, 
returned to^the sanatorium and have had collapse therapy. 

An additional analysis of the group of 70 patients followed after 
discharge revealed that in the minimal group 6’.6% had a positive 
sputum on entrance, none had cavitation; in the moderately- 
advanced group 39.2% had positive sputum and 24.1% had cavi- 
*®/^ir:advanced group 92.2% had positive sputum and 
^4% had cavitation. Upon discharge none of these patients had 
either a positive sputum or a cavity. 

In view of the fact that we have used collapse therapy for the 
pa lent whose prognosis was obviously poor without it, it would 
be futile to compare the results of those patients who received 

-- 

in 26 

time bXi u • sanatorium against medical advice at some 

time before their treatment was completed. Of this number 7 6^ 

deadr^^It k' unimproved, worse or dead (28% 

ShJthe S ? badly 

1 1 for treatment and none has died- collanse 

therapy has been instituted in all cases ' collapse 
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results of the unaided sanatorium regimen. It is hoped that this 
report may stimulate a greater interest in collapse therapy in small 
sanatoria, as well as in large ones. 
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PUNCH-DRUNK. 

By Edward J. Carroll, Jr., M.D., 

FORMERLY RESIDENT IN PSYCHIATRY, ST. FRANCIS HOSPITAL, 
PITTSBURGH, PA. 

There is a clinical syndrome of frequent occurrence among 
boxers, to which they refer as “punch-drunk,” “punchy,” “goofy,” 
“slap happy,” “cutting paper dolls,” or “slug nutty.” Other 
terms might be applied, such as “traumatic dementia” or “trau- 
matic encephalopathy,” but they are not nearly so appropriate 
and descriptive as the epithet “punch-drunk.” The above terms 
were always somewhat familiar to me, and with the development 
of a medical vievTioint, I wondered if there really existed a traumatie 
dementia, such as indicated by these names, or if they were mis- 
nomers charitably denoting a traumatic origin to an incidental 
mental abnormality. The impetus to investigate this question and, 
if possible, to add to the original description of this condition given 
by jNIartland,^ in 1928, came with the necessity of preparing a thesis 
for graduation. 

I determined to study “punch-drunk” in its natural habitat, the 
boxing world. Accordingly, I frequented training quarters, helped 
examine fighters, and made friends with all sorts of “pugs.” I 
observed declining veterans of the ring, talked vdth their trainers, 
and drank beer with their managers. I interviewed sports writers, 
referees and boxing commission physicians. I sought out reputed 
“punch-drunks” and studied them to the fullest extent that their 
feeling of exuberant good health would permit of a niedical exam- 
ination. My loiowledge of the subject, then, is based upon the 
information given me by laymen whose business is a keen study of 
boxers, and the incomplete observation, over a period of 2 years, 
of many cases of “punch-drunk.” 

The course of a tjqjical case is somewhat as follows: A sturdj^ 
young man trains in a gymnasium as an amateur boxer in order 
that he may develop himself physically, and master the finer points 
of pugilism. He becomes a faudy tough opponent in the ring, but 
he tends to fight rather than box, and so receives some degree of 
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punishment in each of his 30 or 40 short amateur matches. Later, 
he becomes a professional, meets stifier opposition, engages m longer 
fights; but he is young, strong, and is “making good money. 
After a period of approximately 4 years as a professional boxer, 
during which time he has engaged in about 30 to 60 bouts, he begins 
to “soften up.” His tolerance to all head blows is reduced. After 
being struck on the jaw, he remains dazed for a longer period 
than formerly, and is more likely to be knocked out (“glass jaw”). 
After a blow to the head, his lep will be a little shaky, and feel 
numb. His timing begins to fail and the fighter is no longer as 
dangerous on offensive as he had been. His defensive, which had 
been steadily improving with each encounter, becomes^ also less 
effective, and the pugilist who previously had been adroit enough 
to go through a career unmarked now begins to develop a flat nose 
and cauliflower ears. Later his knees tend to give way after a 
head blow, and a slight dragging of the feet may be noticed, although 
often only as the contestant is walking to his corner at the end of 
a round. The fighter still boasts of feeling fine and capable, but 
now loses engagements which formerly he could have won with ease. 

Meanwhile the boxer's manager and associates begin to notice 
changes in him. They find that he has developed deterioration in 
attention, concentration and memory. In the midst of a conversa- 
tion he may go into a reverie, suddenly change the subject, or ask 
the same question several times. He is apt to become too sociable, 
and very voluble. Usually an impediment of speech will develop, 
and the eyes may become slightly glazed or have a staring expres- 
sion (“glass eye”). In short, he may continuously simulate a 
person who is just a little drunk. When these sjouptoms have 
once appeared, they will not only persist, but may progress for 
a period of a year or so when they will usually become stationary. 
Thus punch-drunk is a self limited rather than a progressive 
encephalopathy. 


In the severer cases, the voice may become thick, halting and 
guttural, as though there were something held in the mouth. The 
gait may become unsteady. In a few instances vision may begin 
to fail or some degree of deafness may appear. Headache, dizziness 
and tinnitus, which one might expect as symptoms, are often 
present for a few hours or days following a fight, but they rarely 
persist as a part of the sjmdrome. Mental and personality changes 
become more marked, and emotional instability becomes apparent. 
Involuntary habit movements of a boxing nature are common, and 
are frequently displayed, even years later, when the person is 
abstractly preoccupied or during periods of emotional stress. A 
punch-drunk, sitting as a spectator at a fight, may vigorously ape 
the blows of his friend in the ring, oblivious to the other people 
about_ him. Punch-drunks almost universally do not realize that 
there is anjdhing abnormal about themselves or their conduct, and 
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will hotly resent, often with their fists, any application of this 
stigma to themselves. 

The more intelligent boxers are alert to recognize even early 
manifestations, and from the beginning plan retirement from active 
competition in the ring when ominous signs and symptoms first 
appear. The incident which precipitated Gene Tunney’s decision 
to retire occurred during training for the second Dempsey fight. 
Tunney VTites, “I went into a clinch with my head dovm, some- 
thing I never do. I plunged forward, and my partner’s head 
came up and butted me over the left eye, cutting and dazing me 
badly. Then he stepped back and swung his right against my jaw 
with every bit of his power. It landed flush and stiffened me 
where I stood. "Without going dorni or staggering I lost all conscious- 
ness of what I was doing, and instinetively proceeded to knock 
him out. Another sparring partner, Eddie Eagan, entered the 
ring; we boxed three rounds. I have no recollection of this, nor 
have I any recollection of anything that occurred until the next 
morning when I awakened, wondering who I was angl what I was 
doing there.” For the next 3 days, Tunney was dazed and disori- 
ented. He continues, “From that incident was born my desire to 
quit the ring forever, the first opportunity that presented itself. 
But most of all I wanted to leave the game that had threatened 
my sanity before I met with an accident in a real fight with 6-ounce 
gloves that would permanently hurt my brain. The possibility of 
becoming punch-drunk haunted me for weeks.”'* But the majority 
of boxers do not have this insight. They will continue to fight 
until they become so ineffectual in the ring that the promoters 
refuse to book them for any further matches. Some fighters, 
usually from economic necessity, will then enlist as sparring partners 
and receive further punishment while assisting in the training of, 
others. 

The tjq)e of boxer is a large factor in the likelihood of punch- 
drunk developing. It is most often seen in the wide-open slugging 
tjqje of fighter who is out to give as much as he can, and thus 
usually takes quite a lot in return. It is rarer in cleverer boxers 
except after an extraordinarily long period in the ring. Thej^ rely 
on speed and coordination rather than strength. Such men usually 
have good defenses, and receive less punishment than cruder fighters, 
but thej'^ also seem less able to “take it.” What would be a knock- 
out blow to their more highly developed nervous systems might be 
taken without much apparent damage by one of the brute tjqDe. 
The decline of the skilled boxer, when it finally comes, is often 
acute, and a single severe beating may result in marked decrease 
in fighting ability. This deterioration is chiefly in loss of speed 
and coordination. In the cruder boxers, speed and coordination 
have not been such important factors, and they continue along 
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on their "'punch” after their finer control is lost, suffering many 

beatings before they are finally "through.” , 

With reference to the incidence of punch-drunk, competent tol- 
lowers of the sport estimate that about 5% of men who remain in 
the professional ranks for a period of 5 years or more will become 
definitely punch-drunk. About 60% of fighters remaining in the 
ring for this period will develop mental and emotional changes 
which are obvious to people who knew them previously. A few 
deteriorate to the extent that institutionalization is necessary. 
Punch-drunk is said to occur among professional football players also. 

In punch-drunk the prominence of objective mental changes and 
the freedom from symptoms are in contrast to the post-concussion 
syndrome in which subjective complaints are prominent, and 
objective mental changes are not often seen. In a survey of cases 
of gross brain traumas showing sequelse, Glaser and Shafer found 
that over 80% were troubled by subjective symptoms, usually 
headache and dizziness, while “mental changes, consisting in dis- 
orders of the mental faculties with changes in character and habits, 
and associated with unreasonable and purposeless action and 
language” appeared in 9%, usually at an interval of months after 
the injury.® 

Little information is available concerning the actual anatomic 
changes in punch-drunk. The explanation of this syndrome must 
be based on analogy and conjecture. Even the pathology of the 
common concussion is still disputed, although extensive clinieal 
and laboratory studies have been made on this sjmdrome. Many 
authors ha'\’’e abandoned the stand that concussion is a transient 


disturbance of function without anatomic basis, and believe that it 
depends upon a permanent change resulting from multiple punctate 
hemorrhages through the brain substance.®-^ These hemorrhages 
fill the perivascular spaces and, if large, infiltrate the surrounding 
nervous tissue. The neurones in the areas of these hemorrhages 
are damaged with subsequent degeneration. Organization and 
gliosip follow, with ultimate resorption of the glia cells and con- 
traction of the glia fibers. This destruction of white and gray 
matter eventually results in shrunken convolutions, widened gju"!, 
dilated \entricles and an enlarged subarachnoid space, with increase 
m the amount of cerebrospinal fluid. Small hemorrhages in the 
subai achnoid space are followed by local reactions, and subsequent 
pial-cortical adhesions.® Fay regards the decreased size of the 
brain in post-concussion cases as a result of pressure atrophy 
following deficient cerebrospinal fluid absorption.^^ Others believe 
It to be due to an increased production of fluid.^® Some later 
vTiters have pointed out the similarity of this pathologic process 
to that seen m encephalitis, and have referred to it as "traumatic 
encephalitis. ^ Clinical studies show much resemblance between 
post-concussion cases and some cases of encephalitis. Enceph- 
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alograpliy in these post-concussion cases reveals extensive cortical 
or cerebral atrophy, external and internal hydrocephalus, and 
arachnoiditis, with obstruction to various cerebrospinal fluid path- 
ways.^”’ Of two encephalograms made on cases of punch-drunk 
under my observation, one showed no demonstrable changes. The 
other revealed definite cortical atrophy, which was localized to the 
left frontal region, rather than being diffuse in distribution. Since 
the injection of air into the subarachnoid space for encephalography 
relieves the subjective symptoms in about one-half of post-con- 
cussion cases, it is believed that the complaints are due to-the 
arachnoiditis rather than to other pathologic changes. The absence 
of distressing local symptoms in punch-drunk is evidence against 
the presence of arachnoiditis. 

Although multiple punctate hemorrhages probably constitute 
the underlying pathologic change in punch-drunk, extensive degen- 
eration might be explained even without reference to such vascular 
lesions. It is hardlj'^ possible that a blow which jars the brain 
sufficientlj'^ to cause loss of consciousness would not be followed by 
some tissue reaction, such as hj^ieremia and edema with effusion 
into the intracellular spaces, leading to disturbances of nutrition 
and thus to impairment of function. An area witli anatomic pre- 
dilection to this tjTDe of injury is the midbrain. With a jar of the 
skull, the midbrain is forced against the sharp edge of the tentorium 
and bruised, resulting in edema and hj'peremia. Following repeated 
insults to this region a gliosis may begin, and increase with each 
succeeding trauma. This scarring could result in a narrowing of 
the aqueduct, predisposing to the formation of an internal hydro- 
cephalus with an increase in the intraventricular pressure and sub- 
sequent damage to the cortex. 

Another explanation is that the jarring of the brain by a blow 
results in the fracturing of cell processes. The unequal specific 
gravities of the gray and white matter give to them different degrees 
of acceleration in response to a force. This inequality of movement 
might cause a rupture of the neurones at the junction of the two 
tissues.^'* The technical problems of demonstrating such minute 
lesions and differentiating them from artefacts leaves this occur- 
rence unproven. The theory that functional changes may be based 
on a molecular disturbance or direct mechanical effect in the struc- 
tural equilibrium of the cell likewise finds basis in the fact that proto- 
plasm is an emulsoid containing lipoids, large protein molecules, 
and electrolytes in a watery base, and that these materials, having 
different specific gravities, will assume new relatwe positions in 
response to a violent movement, so that the cell cannot function 
normally.!”’ !® 

However, the bizarre nondescript clinical picture seen in punch- 
drunk can probably best be explained on the basis of the small 
discrete vascular lesions which have been described. After pre- 
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senting a detailed neurologic analysis of 3 cases of punch-drunk, 
each having .advanced physical disability, Parker summarizes, 
“The clinical picture in each case was very complex and it dittered 
in one case from the others. The only agreement, however, was m 
the suggestion of diffuse or scattered lesions of the brain affectmg 
different systems at one and the same time.''^ Jq^I and Guttmann® 
conclude their paper on neuro-psychiatric studies on boxers with, 
“There are found organic symptoms which appear to the layman 
as dementia. A study reveals in many such cases various focal 
symptoms, reflex differences, disturbances in coordination and 
speech anomalies.”- 

Comment. It is probable that no head blow is taken with impu- 
nity, and that each knock-out causes definite and irreparable 
damage. If such trauma is repeated for a long enough period, it 
is inevitable that nerve cell insufficiency will develop ultimately, 
and the individual will become punch-drunk. 

The cognizance and investigation of this condition by the medical 
profession would be a contribution to the neurologic and psychiatric 
study of traumatic disorders. But a higher end would be the 
education of the layman to the remote dangers incident to repeated 
minor head traumas. The occurrence of this type of degenerative 
brain change must be recognized and publicized rather than dis- 
regarded and discounted. It is especially important that athletes 
entering into competitions in which head injuries are frequent and 
knock-outs are common should realize that they are exposing them- 
selves not only to immediate injury, but also to remote and more 
sinister effects. 

Summary. The clinical syndrome of punch-drunk is delineated 
by presenting a tjqiical composite case study. The etiology and 
incidence are discussed, and the pathology is suggested. 
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THE RECOVERY OF BRUCELLA ABORTUS FROM THE STOOLS 
OF HEALTHY CARRIERS. 

By Jacob D. Goldstein, M.D., 

INSTRUCTOR IN MEDICINE, 

Wayne W. Fox, M.D., 

ASSISTANT IN MEDICINE, 

AND 

Charles M. Carpenter, j\I.D., 

ASSOCIATE PROFESSOR OF BACTERIOLOGT, UNn'ERSITY OF ROCHESTER, SCHOOL OF 
MEDICINE AND DENTISTRY, ROCHESTER, N. Y, 

(From the Departments of Bacteriology and Medicine.) 

Brucella abortus can be recovered from the stools of a certain 
number of cases of undulant fever. Leavell, Poston and Amoss^ 
observed, in a small number of carefully studied patients, that the 
organisms persist in the stools of chronic and recurring tj^ies of 
abortus infection. In the past 2| years, in the Strong hlemorial 
and Rochester Municipal Hospitals, the stools from 7 patients 
with this disease were cultured by a modification of the technique 
described by Amoss and Poston.^ From four of these stools, brucella 
organisms were reeovered. 

The purpose of this study was to determine whether Br. abortus 
eould be reeovered from the stools of apparently healthy individuals, 
or from the stools of patients suffering from diseases other than 
clinically recognizable undulant fever, and also to describe a modi- 
fication of the Amoss and Poston technique for the isolation of 
Br. abortus from stools. This method substitutes guinea pig inocu- 
lation for plate inoculation. 

Material and Method Material. At the time that this investiga- 
tion was planned, two studies were in progress which aided materially 
in the selection of suitable eases for study. All samples of blood, 
submitted to the Rochester Health Bureau Laboratoi'ies for the 
Wassermann test, were examined for abortus agglutinins. Simul- 
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taneously, intradermal tests 'witli an abortus antigen weie being 
made on a group of unselected patients. These studies madp it 
possible to pick out a number of patients without clinical evidence 
of undulant fever, but with laboratory findings specifically indica- 
tive of Br. abortus infection. 

Stools were obtained from 219 patients grouped as follows : 

Group 1. Three hundred and thirty-two unselected hospital 
patients were tested for cutaneous reaction to an antigen prepared 
from Br. abortus No. 80.' The organism was grown on liver infusion 
agar for 96 hours, after which the growth was removed and twice 
washed with physiologic saline. The bacterial suspension was 
centrifuged and, after discarding the supernatant fiuid, the sediment 
was frozen and dried in mcuo. The dry material was then ground 
in .a ball mill for 8 weeks. To the dry powder so obtained, physi- 
ologic saline was added and the grinding continued for 48 hours, 
this time in the icebox. The resulting suspension was filtered 
through a Berkefeld N candle. The final water-clear filtrate con- 
tained 13.3 mg. of nitrogen per 100 cc. It was standardized by 
repeated skin tests on a number of recovered cases of' undulant 
fever and on several individuals with known sensitivity to abortus 
antigens, but with no clinical history of the disease. It was found 
that 0.1 cc. of 1 to 100 dilution -of the filtrate gave a distinct ery- 
thematous reaction, without local necrosis and without the con- 
stitutional effects encountered with other antigens.®- ® 

Thirty-four (10.1%) of the 332 patients tested with the above 
described antigen gave positive cutaneous reactions. This per- 
centage compares favorably with the number of reactors in this 
community previously determined with other antigens.® 

From this group of 332 patients, stools were examined from each 
of the 34 patients who had a positive skin reaction and from 22 
patients who gave negative reactions. 

Group 2. Stools were collected from 139 patients Avhose sera 
had^ been tested for abortus agglutinins. Thirty-eight of these 
patients had anti-abortus agglutinins in their sera. Only 6 of the 
latter group were tested for cutaneous reactions. All were definitely 
positive. 


Table 1.— 

No. of 
patients, 

S 
S 
11 

3 

4 
o 


AGGLE-nNiN Titers for Br. Abortus of 38 Patients Erom Whom 
Stools Were Available. 

Titer. 

1 to 60 
1 to 80 
1 to 160 
1 to 320 
1 to 640 
1 to 1280 
1 to 2560 
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Group 3. Stools were obtained from 24 patients whose sera 
were not examined for Br. abortus agglutinins, on whom skin tests 
were not performed and concerning whom no information of a 
possible abortus infection is available. 

Method of Stool Examinatioyi. From 2 to 4 gm. of a fresh stool 
specimen were emulsified in 50 ec. of physiologic saline solution. 
This suspension was centrifuged at a low speed to remove the coarse 
particles. To the decanted fiuid was added 0.5 cc. of- an anti- 
abortus serum with an average titer of 1 to 640. The tubes were 
then incubated in a water bath at 37° C. for 2 hours, and again 
centrifuged at low speed for 5 minutes. After discarding the super- 
natant fiuid, the sediment was emulsified in 2 or 3 cc. of physiologic 
saline and 0.25 cc. injected subcutaneously into each groin of a 
guinea pig. In all, 379 guinea pigs were inoculated. Pairs of animals 
were inoculated from each of 160 stools, while only one animal was 
used for each of the remaining 59 samples. From 25 to 35 days 
after inoculation, the guinea pigs were etherized, bled from the 
heart, and examined postmortem for evidence of abortus infection. 
The sera were examined for abortus agglutinins, using a saline sus- 
pension of living Br. abortus No. SO as the antigen. The spleens 
were removed aseptically and cultured by planting pieces of tissue 
from 3 to 5 mm. in diameter on glucose ascitic blood agar. The 
cultures were incubated in an atmosphere of 10% COo at 37° C. 
for 10 days. 

To check the dependability of this method for recovering Br. 
abortus from stool emulsions, 5 stools, to which a few drops of a 
living abortus culture had been added, Avere included in this series. 
In each case Br. abortus was recovered from the animals. 

Certain stool specimens AA^ere stored in the icebox for from 12 to 
36 hours before examination. The Auability of Br. abortus in human 
excrement under such conditions not being knoA\m, it Avas studied 
as follows. A few drops of a living abortus culture (No. 80) were 
thoroughly stirred into a normal stool and stored in a pint fruit 
jar in the icebox at 8 ° C. Guinea pigs were injected with specimens 
from this stool, prepared according to the above technique, on the 
2d, 6th, 19th, 64th and 150th days after storage. Br. abortus was 
recovered in each instance. Cameron® has similarly found that 
Br. abortus survives for long periods in cow manure. 

Results. Organisms of the genus Brucella were recovered from 
2 of 219 stools examined. The first positive specimen was obtained 
from a woman aged 54, AAdio gaA'e a history of ingesting raw goats’ 
milk over a period of years in her youth.^ Her serum had an anti- 
abortus agglutinin titer of 1 to 60. This patient was afebrile at 
the time the specimen was obtained and had neither signs nor symp- 
toms suggestNe of brucellosis. 

The second stool was secured from a patient about whom no 
data were aA^ailable, except that she did not haAm clinical undulant 
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fever at the time the stool was obtained. Unfortunately, the 
patient is no longer under observation. 

Discussion. This study of stools obtained from' 219 patients 
indicates that individuals without febrde illnesses, without clinical 
suspicion of undulant fever, and without a history of the disease, 
may discharge Br. abortus from the intestinal tract. 

Seventy-two of the 219 stools examined were obtained from 
patients who showed either abortus agglutinins in them sera, ox a 
positive cutaneous reaction. Of the 38 patients with positive 
agglutinations, 17 had "reasonably adequate histories” of exposure 
to abortus infection. Twenty-four of the 34 patients with positive 
skin tests had similar histories. By "a history of adequate exposure’ ’ 
is meant either the ingestion of raw cows’ or goats’ milk for pro- 
longed periods, or contact with cattle, goats or swine. 

The viability of Br. abortus in a normal human stool, stored in 
a fruit jar at 8° C. for OAmr 4 months, is of considerable interest. 

Summary. 1. Brucella abortus was recovered from 2 of 219 
stools obtained from patients who were not suspected .clinically of 
having undulant fever. 

2. Guinea pig inoculation of the stool sediments was substituted 
for the plate culture method of Amoss and Poston. 

3. Brucella abortus, when mixed with human feces and stored at 
8° C., remained viable for at least 150 days. 
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The Microscopic Anatomy of Vertebrates. By George G. Scott, 
Ph.D., Professor of Biologj-- in the City College, New York Citj^ and 
James I. I^endall, Ph.D., Instructor in Biology in the Cit}'^ College, 
New York City. Pp. 306; 167 illustrations. Philadelphia: Lea & 
Febiger, 1935. Price, S3.75. 

Most textbooks of microscopic anatomy and histology deal chiefly with 
human material; they are MTitten to meet the requirements of the student 
of medicine. The authors of this book present a survey of the microscopic 
anatomy of vertebrates in general. The text is concise, clearly VTitten 
and illustrated by a number of veiy useful diagrams and photomicrographs. 
Selected references to recent literature are appended to each chapter. 
This is a good book for the college student who is taking a pre-medical 
course or a course in general biology; the more advanced student will find 
discussed a variety of subjects not usually included in the shorter texts 
on biolog3^ B. L, 


Obstetrical Practice. By Alfred C. Beck, M.D., Professor of Obste- 
trics and Gjmecology, Long Island College of Medicine; Obstetrician 
and Gynecologist-in-Chief, Long Island College Hospital, Brooklyn. 
Pp. 702; 1053 illustrations. Baltimore: The Williams & Yblkins Com- 
pany, 1935. Price, S7.00. 

This new book on “Obstetrical Practice” gives, in a refreshingly simple 
manner and with a decided personal tone, the basic principles of obstetrics 
as taught in the Long Island Medical College. The conciseness of text, 
and the directness of treatment suggested, has much of benefit for the 
student or general practitioner, who needs guidance in obstetrical thought 
and therapy. For those who_ vish to read further there is appended to 
each chapter an excellent bibliography. 

Of especial value are the discussions of Factors in Labor, the Mechanism 
of Labor and the Clinical Course of Labor. A conservative treatment of 
eclampsia is recommended; the author’s mortality under this therapy is 
6.5%. Throughout the book important points have been emphasized in 
heavy type, and nowhere to greater advantage for the practitioner than in 
the chapter on posterior presentations of the occiput. The author con- 
siders Braxton Hicks’ version the _best_ general treatment for placenta 
pre^’ia but gives his reasons for individualizing treatment by other methods. 

Contracted pelves are considered under a modification of the classification 
of CaldweU and Moloy.^ The profuse use of line dra-wings in the enormous 
number of illustrations in the book serves to good advantage in the discus- 
sion of operative obstetrics. Here there are given definite indications and 
requisites for each operation. The advantage of the low-flap section is 
emphasized. 

On the whole this new book is an excellent exposition of the views and 
teacliings of a writer well qualified to express his individual opinions. The 
wed-written straight forward discussions will make it of value to both 
students and practitioners, P. WJ 
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The Medicine-man of the AxiEEici^ Indian 
GROUND. By Widdiam Thoxias Cordett, _M.D., vBond.), 

Professor Emeritus of Dermatology-Syphilology, Webern Keserve 
University, EeUovr of the Royal Society of Medicine of Great Britain, 
etc. Pp. 369; illustrated. Springfield, lU.; Charles C Thomas, 1935. 


Price, S5.00. , . , -n g j * 

Enthusiasts of the aboriginal in the western hemsphere will find in 
this book, for all its informal and leisurely tone, all the ahsorbmg interest 
its title promises. A generous and always judicious .use of quotation irom 
the literature of several centuries lends it many of the advantages ol a well- 
edited anthology. But the author writes also out of a personal interest 
and experience that began early in his own career. The result is a book 
full of information imparted with a charm seldom found in such works. 
Save in the historic sense, it is, of course, not a strictly medical subject, 
since the medicine-man practised less medicine than shamanism, and 
ritual or trance were his treatment or his consultation. There are chapters 
On Indian Diseases, on Childbearing, and on Foods and Materia Medica, 
but the main body of the text treats seriatim the anthropologist’s 15 
culture areas of the Americas in the light of the practices and beliefs of 
their healers, who were, quite as much, also_ their priests. The author 
gives an engrossing account of the regional varieties of the healing art, that 
ritual through which the common tribespeople shared a little in the darker 
mysteries of their medicine-men. The book closes with a deeply felt 
lament for the passing of a great race and, with them, of things strange 
and dim that history may never be able to fix in its clear record, 

. H. B. 


Man, the Unknown. By Alexip Carree, Pp. 346, New York; 

Harper & Bros., 1935. Price, S3.50, 

For a general rather than any special audience, the author'has undertaken 
to supply that heroic need, a sjmthesis of all that men know of themselves. 
Many of his already numerous readers will have considered that more than 
due regard ishad also for what men have ground to hope for in one another: 
latent possibility is here treated as a coordinate of scientific truth; only the 
addition of potential to actual can yield even a rough estimate of the sum 
of all. Though in manner and method achieving ah possible simplicity, 
it is j^et a book whose enormous variety and compression of content is 
unlikely to satisfy either the too ignorant on manj’’ counts, .or the very 
learned (certainly not the very opinionate) on any one. There are passages 
assured of offensiveness to the “orthodox” in politics, religion, science. 
Some readers may even he inclined to lay the book aside on the quite inci- 
dental provocation of its syntax — prevailingly declarative, even to the 
point of apparent dogmatism when the reader is in di,sagreement. Accord- 
author’s own. apologia, however, almost every sentence, because 
of the vastness of the subject, must summarize the achievements of at 
least one mans whole lifetime of research; hence the book’s effect of un- 
remitting assertion. 

The ordering of this immense complex of data has that fine clarity 
wliicli comes as no surprise in a writer of the author’s nationality. Not 
the handling, but the selection, the admission, of data, and the critical 
passed upon them, are what here and there give pause. Prob- 
ably but few of the author s confreres in science null have anything short 

book-its chapters summirizfng 
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their general neglect and actual atrophy in our ciwlizations). But there 
are frequent passages in which the author looks toward the future and 
prescribes for it, oft invoking the as yet unaccredited infant science of 
“metapsychics;” and in these his diagnosis of the human condition has 
more often the note of some prophet of old than of the contemporary 
clinician. Most of his readers vdll not be left with much doubt that the 
sickness charted is real, nor vnll manj' of them be at once agreed to submit 
to the drastic operation proposed. It will take much time and research 
to learn whether the author is whoUj’^ right about the mass of controversial 
matter upon which his own mind is decided even when it appears not to be 
consistent, yet the sum of Icnowledge and theoio' that he offers is so vast 
and broad and basic that the question of his being vTong in fundamentals 
scarcely arises, unless in the respect of their explicit application. Beset 
by these enignias, each reader will decide for himself as he can, whether 
the author carries conwction when he tells us, in effect, that, after tlie grand 
unsuspected discoveries of the past, ndU come other “impossibles,” other 
unbelievables, which may — now, ages hence, or perhaps after all never, 
depending on our and our progeny’s development of the human psyche- 
soma’s capacities — comprise the commonplace possessions of the race. 

H. B. 


Modern Office and General Practice. A Handbook of Practical 
Medicme. By Deane R. Brengle, M.D. Pp. 320; illustrated. Kings- 
port, Tenn.: Southern Publishers, Inc., 1935. Price, S3.25. 

An encyclopedic arrangement of therapy in general practice. 

The author anticipates the criticism of those whose opinions may differ 
from his by stating that he has put to clinical test each procedure recom- 
mended. However, the urologists, dermatologists and surgeons probably 
vdll not agree that certain of his suggestions should be followed b}’' the 
general practitioner. The composition is more practical than scholarly. 
There are three interesting sections dealing vith medical economics. The 
absence of any discussion of the anemias is a notable omission. 

W. J. 


IjuruNOLOGY. By Noble Pierce Sherwood, Ph.D., M.D., Professor of 
Bacteriolog)’-, University of Kansas, and Pathologist to the Lawrence 
Memorial ^Hospital, LavTence, Kansas.^ Pp. 608; 27 illustrations, 8 
colored plates and many tables. St. Louis: The C. V. Mosby Company, 
1935. Price, S6.00. ' 

'This boo,k should prove useful to medical students in conjunction with 
a regular laboratory course in immunity, as well as to graduates as a 
reference work, since it is largely made up of abstracts of the fundamental 
sources of immunologic knowledge to the date of publication. The book 
supplements textbooks of bacteriologj’’, many of which are unnecessarily 
exhaustive studies for the second-year medical student. 

The extreme detail concerning the technique of laboratory diagnosis of 
sj’^philis belongs in a manual of laboratory methods rather than in an 
introduction to the study of immunity. Sixty-seven pages on complement 
fixation seems too much in a book of this sort when such important work 
as that on influenza virus of Andrewes, Laidlaw and Smith, in England, 
and of Francis and Shope, in this country, is not mentioned specifically. 
There is also no mention, possibly because it is so_ recent a development, 
of the preservation of antisera in the dried ‘jlyophil” form which is being 
used in the treatment of a variety of infectious diseases in several serum 
exchanges. 
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The book is very well printed and bound. The illustrations, diagrams 

tacid, fluent and forceM. He has sue- 
ceeded in presenting a difficult subject so clearly that the young student 
should be grateful to him for cutting away abundant underbrush.^ ^ 


Beitrag zur Kenntnis des Ileum Terminalb Fixatum und Ileus Ilei 
Terminalis Fixati. By Lennart Peterson . Erne anatomische, ^_n- 
iscbe und klinischstatistische Studie. (Vol. 75, Suppl. 32 of Acta Ghir- 
urgica Scandinavica.) Pp. 113; illustrated. Helsingfors: Mercators 
Tryckeri Aktiebolag, 1934. (No price given.) 

In the first portion of this monograph Peterson has classified abnormal- 
ities of attachment of the terminal ileum and emphasized that one or more 
of them occur in over 16 % of individuals. The most common abnormality 
is a low attachment of the mesentery of the terminal ileum. Rarer but 
more familiar types are the Lane kinlc and Jackson’s membrane (when 
the latter is attached to the ileum). _ 

The fact that these anatomic variants have received so little attention 
in the past would seem to be explained by the author’s statement that 
most of the cases are asymptomatic and cannot be diagnosed without 
abdominal section. There appears to be no relation between Ileum Ter- 
minale Fixatum and the incidence of appendicitis. 

Its chief importance lies in the occurrence of ileus as a complication. 
Ileus Ilei Terminalis Fixati may arise by several different mechanisms such 
ifs kinking and volvulus. These are considered in detail in the second 
portion of the monograph. A study of reports from aU parts of the world 
suggests that the particular form of ileus that occurs, is partly determined 
by the patients racial background, volvulus being more common in the 
East European peoples than in the West European and North American 
groups. 

Although the author’s experience indicates an incidence of ileus in 1.1% 
of cases of Ileum Terminate Fixatum, he was able to find only 120 clearly 
described cases in the literature. In his analysis of 2 series from Finland 
(1S5 cases, 1915-1930, and 31 cases, 1931—1932), the mortality was reduced 
from 59.5 % to 45,2 % in the second series. 

The monograph is exceedingly thorough and should lead to a more 
fundamental understanding of a number of cases of acute intestinal obstruc- 
tion occurring in the right lower quadrant. An Enghsh summary affords 
a terse if not very idiomatic introduction to the subject. I. R. 


A HiSTtmy of Science, Technology, and Philosophy in the 16th anb 
l(th Centuries, By A. B''olp, Professor and Senator, University of 
London; Head of the Department of History and Methods of Science 
etc., with tile cooperation of Dr. F. Dannbmann, Professor in the IJni- 
and Mr. A Armitagb, of Hniversity CoHege, London. 
Pric ?87 00 ^ The Macmillan Company, 1935. 

difference' of opinion as to when the Middle 
Ages u ere finished there is no doubt but that the 16th and 17th centuries 

marvelous grouHi of modern lines of thought 
and _..cientific ffiscoverjL It is fortunate for the reading world that the 
students pursuing courses in the historj--, methods and 
science m the University of London have led the possessor of 
such eucj'clopedic knowledge and lucid style to give this detailed and 
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docximented account. We subscribe to the author’s “belief that the world 
has need of a new intellectual reorientation, and that to this end a close 
studj' of the history of human thought in its most objective spheres would 
be the best beginning.” In addition to Astronomy, Mathematics, Physics 
Chemistry, Meteorology, Geologj'’, and the biologic sciences, the author 
has included Geography, four chapters on Technology, Psychology, the 
Social Sciences and Philosophy. Such vide scope means that even in a 
book of these generous dimensions manj’^ subjects must be treated illus- . 
tratively — as one soon learns on perusing one’s own field — but the selec- 
tions are well made and a happy medium struck between the occasional . 
detail needed for a readable stor}’- and the masses of facts “required for” 
a reasonabl}' fuU account. The abundance of carefully selected and for 
the most part well-reproduced illustrations adds further to the interest 
and value of this notable volume. It is to be hoped that the contemplated 
volumes on the 18th and 19th centuries and on the ancient and medircval 
periods will be equally instructive and entertaining. E. K. 


Localized Rarefying Conditions of Bone. As Exemplified by Legge- 
Perthes’ Disease, Osgood-Schlatter’s Disease, Kummell’s Disease and 
Related Conditions. By E. S. J. King, M.D., D.Sc., M.S. (Melb.), 
F.R.C.S. (Eng.), F.R.A.C.S., Honorary Surgeon to Out-Patients, Mel- 
bourne Hospital; Stewart Lecturer in Pathologjq University of Mel- 
bourne. Pp. 400; 70 illustrations. Baltimore: William Wood & Co., 
1935. Price, 87.50. 

This weU-vTitten and elaborately documented monograph is comprised 
of “the greater part of the material which was submitted for the Jacksonian 
Prize of the Roj’-al College of Surgeons in 1933.” It is diidded into four 
Sections: 

Section I considers the formation of bone; its structure, composition, 
development and physiology. The pathologj’- of bone rarefaction and 
abnormal calcification, together vith the interpretation of the roentgen- 
ography of these processes, is also dealt with. 

Section II deals yith those localized raref 3 dng changes in bone knovm 
as the osteochondritides. These changes are considered from their anatomic 
localization. This section comprises 197 pages and is the largest of the 
monograph. ' 

Section III deals with posttraumatic rarefaction, both localized and 
diffuse. 

Section IV chiefly considers rarefaction of the articular surface when 
associated with loose bodies in the contiguous joint. 

The value of this book lies in that the author has brought together 
under a common heading a large number of heretofore isolated bone lesions. 
These lesions had cluttered the literature and confused the student through 
their designation by the name of the author first describing them. Some 
of the lesions reflected the nationalism of medical science by being weighted 
with the names of more than one “first describer,” as in the case of Legge- 
Calve-Perthes-Waldenstrom’s disease of the proximal epiphysis of the 
femur. 

That these epiphysial rarefactions were not a number of isolated diseases 
but constituted a single pathologic process occurring in different localities 
has been long known. The Reviewer has so dealt with them in his lectures 
during the past 6 years. 

Little new has been developed by the author relative to the osseous lesions 
discussed. His work has been mainlj’" one of erudite scholarship as con- 
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sidered 'from the standpoint of bibUographic research This work he has 
nerformed splendidly though not, as he states, exhaustively • 4.-1 „ > 

^ To the great majority of clinicians and to many pathologists the 
monograph will bring clarity in a formerly confused section of bone 
pathology. For some time to come this monograph wiU be the defh^ive 
work on the osteochondritides. • 


John Whithiuge Williams. Academic Aspects and Bibliogr^hy. By 
, J. Mohbis Slemons. Pp. 109 j 1 illustration. Baltuhore: The Johns 
Hopkins Press, 1935. Price, S1.50. 

The author has performed a useful service in publishing in book form 
this presidental address before the Pacific Coast Society of Obstetrics and 
Gynecology. With the bibliography, Williams^ contribution, it is now 
possible for many who never knew Williams in the flesh to become ac- 
quainted with the man who perhaps contributed more than any one else to 
scientific obstetrics during the past 30 years. _ Slemons has written here 
as an ardent student rather than as an experienced biographer; but still 
has done much to acquaint the world with the ^eatness of a very toe man. 
One must be impressed by the keenness of Wilhams' mind, as indicated by 
the range of his writing and b}^ his energy when one sees a bibliography of 
137 papers, not including liis other more unofficial contributions. , 

A desirable addition would be more detail about Williams as the man 
rather than as the scientist. The human side is always more interesting 
than the intellectual to the average reader. It Is hoped that the author 
may be persuaded to write a more extended biography sometime in the 
future. D. M. 


NEW BOOKS. 

Allas of Pathological Anatomy, Vol. 2. Issued under the Direction of the 
Editorial Committee of the British Journal of Surgery. Compiled bj'’ 
E. K. hlAHTiN, M.S., F.Bj.C.S. Pp. 475; 268 illustrUtions (168 in colors). 
Baltimore; William Wood & Co., 1935. Price, S15.00. 

Die lAqnordiagnostik in Klinik und Praxis. ' By De. Hans Hemme, Privat- 
dozent fur Neurologic, Chefarzt der neurologischen Abteilung des AUge- 
meinen Krankenhauses Barmbeck in Hamburg. Pp. 205; 96 illustrations. 
Munchen: J. F. Lehmaims, 1935. Price, Mk. 7. 

International Clinics, Volume 1. Forty-sixth Series, March, 1936. Edited 
by Louis Haaqian, M.D., Visiting Physician, Johns Hopkins Hospital, 
Bahimore, with 14 Collaborators. Pp. 314; illustrated. Philadelphia: 
J. B. Lippmcott Company, 1936. 

4Gtli Series begins with an unusually eminent list of authors and a great 
subjects. Of especial interest to the Reviewer w’ere the 
article on Simmonds’ Disease, suggestive papers on secon- 

actnnfv and the medical progress review of phosphatase 

actmty ana calcium and electrolyte metabolism. 

Endomne otEf Otter Essays. By Fhbderick Parkes Weber, 

Physician to’ the German Hospital, 
tonton. Pp. 207. London: H. K Lends & Co., Ltd., 1936. Price! 

^ ^„®^dio.-Electric Interpretation. By George 

Kh of Iff V Y 379; 113 illustrations and 22 

tables New lork: Bh W. Norton & Co., Inc., 1936. Price, 83.60. 

Tiicntieth Century Psychiatry. Its Contribution to Man's Knowledge of 
BhLLmi A. White, M.D., A.M., Sc.D. Pp New 
\ork: W. W. Norton & Co., Inc., 1936. Price, $2.00. 
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Foundations of Short Wave Therapy. Phj^sics—Teclinics— Indications. 
Physics and Technics by Wolpang Holzer, Dr. Med., Assistant in the 
Physiological Institute of the University of Vienna. Medical Applica- 
tions by Bugen Weissenberg, Dr.Med., Medical Superintendent of 
the Short Wave Section of the University Clinic for Nervous and Mental 
Diseases in Vienna. Translated by Justina AVilson, F.R.C.P. (Edin.), 
D.M.R.E. (Cantab.), and Charles M. Dowse, B.Sc. Eng. (Lond.), 
A.M.I.E.E. Pp. 228; 53 illustrations and 10 tables. London: Hutch- 
inson & Co., Ltd., 1936. Price, 12/6. 

Insulin. Its Production, Purification and Physiological Action. By 
Douglas AV. Hill, B.Sc. (Bris.), Ph.D. (Liv.), Lecturer in Chemistry, 
University College, Exeter; Special Lecturer in Organic Chemistry, 
University of Bristol, and Frederick 0. Hovttt, M.Sc., Ph.D. (Lond.), 
F.I.C. Foreword by Professor E. C. Dodds. Pp. 219; 6 photomicro- 
graphs and 7 tables. London: Hutchinson & Co., Ltd., 1936. Price, 
12 / 6 . 

The Specificity of Serological Reactions. By ICarl Landsteiner, M.D., 
The Rockefeller Institute for Medical Research, New York City. Pp. 178. 
Springfield, 111. Charles C Thomas, 1936. Price, S4.00. 

Seuchenentstehung und Klimaforschung. Die Ergebnisse der IQimaforschung 
in Ihrer Bedeutung fiir die Epidemiologie. By Dr. Med. Friedrich 
AVolter, Leiter des Hamburgischen Forschungsinstituts fiir Epidemi- 
ologie. Pp. 43; 9 tables. Stuttgart: Hippokrates-Verlag G.m.b.H., 
1936. Price, RM. 3.75. 

The author tries to show that epidemic 'diseases are miasmatic in nature, and 
that they are caused by changes of the soil and of the climate. 

Die Entstehungsursachen der Haffkrankheit. In dem Zeitraum von 1924- 
1933 vom epidemiologischen Standpunkt. By Dr. Med. Friedrich 
AA'^olter, Leiter des Hamburgischen Forschungsinstituts fiir Epidemi- 
ologie. Pp. 56; 2 tables. Stuttgart: Hippokrates-A^erlag G.m.b.H., 
1936. Price, RM. 4.50. 

This is an attempt to show that the “Haffkrankheit” is a rare type of the 
epidemic disease, the miasma causing it being a gas formed in the water of the 
bay polluted by the waste waters of Konigsberg. 

Les Parathyroides. First Fascicle, Volume 2, of Traits d’Endocrinologie. 
By C. I. Parhon, Professeur a l’Universit§ de Jassy, and M. Goldstein, 
Docent a I’Universit^ de Bucarest. Pp. 524; illustrated. Jassy: H. 
Goldner, 1935. Price, francs 40. 

NEW EDITIONS. 

An Index of Differential Diagnosis of Main Symptoms. By various writers. 
Edited by Herbert French, C.A^’.O., C.B.E., M.A., M.D. (Oxon.), 
F.R.C.P. (Lond.), Consulting Physician to Guy’s Hospital; late Physi- 
cian to H. M. Household. Pp. 1145; 742 illustrations, of which 196 are 
colored. Fifth Edition. Baltimore: WiUiam AA^ood & Co., 1936. Price, 
S16.00. 

A Guide to Psychiatric Nursing. By F. A. Carmichael, M.D., Superin- 
tendent, Osawatomie Hospital, Osawatomie, Kansas; Lecturer in Clinical 
Psychiatry, University of Kansas Medical School, Kansas Cit}^ and 
John Chapman, M.A., M.D., Sometime Associate in Psychiatry, Osawa- 
tomie State Hospital, Osawatomie, Kansas. ,Pp. 175; 31 illustrations. 
Philadelphia: Lea & Febiger, 1936. Price, S2.25. 

Dental Infection and Systemic Disease. By Russell L. Haden, M.A., M.D., 
Chief of the Medical Division, Cleveland Clinic, etc. AA^ith a Foreword 
by Dr. Edavard C. Rosenoav. Pp. 163; 63 illustrations. Philadelphia: 
Lea & Febiger, 1936. Price, S2.50. 
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THROMBOPENIC PURPURA AND SOME OTHER 
HEMORRHAGIC DISEASES. 

In the past few years there has been renewed interest in hemorrhagic 
diseases, which has resulted in a change of concepts regarding their, 
etiology and treatment. There has also resulted a rather indiscriminate 
use of hemostatic agents, which has served to confound rather than to 
clarify understanding. In many reports data are inadequate and poorly 
controlled. Consequently one is forced to accept new remedies with 
cautious conservatism. 

I. Thiombopenic Purpura.— The etiology of tlrrombopenic purpura 
is unknown. Older theories ascribing the disease to bone-marrow dis- 
turbance, either as a primary dyscrasia or as a reaction secondary to 
injury^ have not been confirmed by subsequent study. There are also 
valid objections to the theory of splenic malfunction, ^ even though 
splenectomy provides striking benefit in most cases. Indeed, it is 
questionable whether platelets play an essential part in the causation 
or mechanism of thrombopenic purpura. Studies by Bedson® and Ros- 
kam^ with platelet antiserum indicate a dual mechanism responsible 
for experimental purpura, dependent on tlirombopenia and altered 
vascular reactivity. It is apparent, however, that clinical purpura 
occurs also without platelet changes, as in “anaphylactoid” purpura 
and scurvj'-, where the vascular component alone appears to be involved. 
Recent studies by Gratia and Linz® on the Shwartzman phenomenon 
suggest that the difference between local erythema with purpura and 
generalized purpura with thrombopenia and anaphylactic shock is 
quantitative rather than qualitative. Therefore, it is possible that 
thrombopenia, when it occurs, is simply another manifestation along 
"n ith altered a ascular reactixdty of the same underlying statGj and that 
the distinction between thrombopenic and non-thrombopenic purpura 
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is unwarranted. “The connection between capillary damage and tlirom- 
bopenia may be reciprocal and the symptoms may follow a common 
insult.”® 

Current opinion, thus, suggests an allergic state as the cause of throm- 
bopenic purpura. Although earlier observations by Osier, ^ Meleney,® 
and Alexander® indicated clearly such a mechanism in “anaphylactoid” 
pui’pura, it is only recently that tbrombopenic purpura also has been 
included in this group. The present point of view has been supported 
by observations on loiown agents as arsphenainin, quinin, “sedormid,” 
“nirvanol,” milk and other foods, and possibly bacteria sensitivity 
to which has provoked thrombopenic purpura indistinguishable from 
“essential” thrombopenia. McCarthy and Wilson^® reported 2 cases 
and reviewed 79 recorded in the literature of blood dyscrasias following 
arsphenamin injection. In one group of 12 cases, thrombopenic piupm-a 
alone developed without red cell or white cell disturbance. “All the cases 
of this group developed only after considerable treatment with numbers 
of injections, and it is probable that a specific sensitivity towards the 
arsphenamins gradually took place.” RiclA' described a similar case 
with thrombopenic purpura occuiTing abruptly after the sixteenth 
injection of neoarsphenamin, likewise with prompt recovery on with- 
holding further arsphenamin injection. He attributed the reaction to 
a “destructive action” in the peripheral blood stream. Loewy'® reported 
3 cases of thrombopenic purpura following the prolonged administra- 
tion of the hj^inotic “sedormid.” The drug had been taken in the usual 
therapeutic doses without harm. However, the patients acquired a 
sensitivity to the drug, described by the author as an “allergo-toxic” 
effect. Peshkin and Miller'® observed a woman with thrombopenic 
purpura, which recurred four times under observation after adminis- 
tration of either quinin or ergot, although in childhood “quinin had 
been liberally administered with apparent tolerance.” Jones and 
Jacobs'^ reported a case of thrombopenic purpura in a girl 9 days after 
onset of “nirvanol” therapy for chorea. Landsberger’s'® case of throm- 
bopenic purpura was demonstrated to be due to sensitivity to cow’s 
milk. Brinnitzer'® reported a similar reaction in a child with thrombo- 
penic purpura brought on twice following transfusion with compatible 
blood from the patient’s mother. Squier and Madison'® have demon- 
strated that specific sensitization to certain foods may be the cause of 
thrombopenic purpura in some cases. McLean and his coworkers'® 
have observed 11 cases of thrombopenic purpura occurring 6 to 21 days 
after the subsidence of acute infection, “which suggests the possibility, 
clinically at least, that thrombocytopenia may be an allergic manifesta- 
tion.” 

Thus it is implied that essential thrombopenic purpura may be a 
similar reaction to those enumerated but provoked by agents as yet 
unrecognized, miether or not this concept is correct, it has served 
as a working hypothesis for the newer therapeutic measures. The aim, 
therefore, has been directed at two factors; 1, removal of the exciting 
agent, such as drugs; 2, alteration of the fundamental allergy or hyper- 
sensitive state. The second approach may be involved in the beneficial 
effects reported on the use of snake venom. 
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Snake Venom Therapy. Stockton and Franklin, in 1931, reported 
the arrest of hemorrhage after injection of antivenin in a case of acute 
thrombopenic purpura, which had failed to respond to othCT therapy. 
Bothrops arrtivenin, a serum globulin obtained from blood of horses 
immunized against Botlirops venom was used. Because of previous 
horse serum therapy, the patient was desensitized first with two intra- 
cutaueous injections of 0.1 and 0.2 cc. respectively at half-hour mtervals 
and then given 10 cc. of the antivenin subcutaneously. Bleeding 
stopped in 24 hours. 

Taylor,"® in 1933, reviewed 7 cases of thrombopenic purpura pre- 
viously reported, as well as his own, treated by either crotalic or both- 
ropic antivenin. There were 2 deaths and 5 recoveries. His method 
of administration was not stated precisely. Presumably 10 cc. of both- 
ropic antivenin may be given intramuscularly, and this may be followed 
if necessary, by doses of 5 to 10 cc. for several days. Trovided sensi- 
tization to horse serum is not extreme, a trial of botliropic antivenin 
should, in the writer’s opinion, be made in all cases before splenectomy 
is undertaken. In fulminating cases, it may be given intravenously, 
the usual precautions against protein shock being observed, in a dosage 
of 10 cc., repeated several times in 24 hours, if necessary, or at daily 
intervals.” The data are insufficient as yet to judge the efficacy of this 
therapy. Its benefit is said to be derived from anti-hemorriiagins and 
anti-hemolysins. 

Recently Peck and RosenthaP* reported an impressive series of cases 
of bleeding disorders treated with moccasin snake venom. Peck had 
observed, in 1931, that when this venom was injected into a rabbit, it 
rendered the animal refractory to a subsequent Shwartzman reaction. 
Because of the analogy of this reaction to clinical purpura, the subcu- 
taneous injection of moccasin venom was tried in cases of purpura and 
in other diseases characterized by an abnormal bleeding tendency. 
Definite benefit was claimed in “anaphylactic” and “toxic” purpura, in 
several cases of thrombopenic purpura, as well as in the lileeding of 
multiple telangiectases, bronchiectasis, functional uterine blee'ding, etc. 
The efiect was ascribed to a change in the vessel walls. The mode of 
administration was as follows: moccasin venom rvas prepared in am- 
poule form as 1 to 3000 solution. The initial dose was 0.4 cc., injected 
subcutaneously in the arm or thigh. The amount was then rapidly 
increased to 0.8 or 1.0 cc. as a maximum dosci which usually was given 
twice weekly for 3 months. The patient’s maintenance dosage was 
then determined according to the hemorrhagic symptoms. For children, 
tlm corresponding initial dose was 0.2 cc. and the maximum dose 0.6 cc. 
Many patients developed a local reaction of hypersensitivity to the 
venorn after the fourth or fifth injection. In most cases this was over- 
come by reducing the following dose to 0.05 cc. of 1 to 3000 dilution, 
and at each subsequent injection increasing the amount until reaching 
the required dosage. Rarelj^ greater dilution and more cautious desen- 
sitization was needed.^ This form of therapy needs further confirmation 
before it may be considered acceptable. 

The venom of certain snakes is characterized by clot-accelerating 
ability on the formed elements of the blood. These venoms have been 
used locally to arrest accessible bleeding occurring in purpura, hemo- 
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pWlia and other bleeding conditions. MacFarlane and Barnett-^ 
have reported success vnth the Russell viper in 1 to 10,000 dilution, and 
Rosenfeld and Lenke,“ with tiger snake venom in 1 to 5000 dilution. 
Activity was attributed to a thrombin-like substance. 

Dietary Measures. In current articles on the treatment of purpura, 
stress is laid on the need of high vitamin, high protein diet, as Avell as 
of iron to help recovery from anemia of blood loss. Kugelmass-"* claimed 
benefit with a diet rich in protein and fat. However, there is little 
experimental or clinical evidence to justify this point of view. When 
the patient is undernourished such a regime is warranted, but purpm-a, 
in our experience, shows no predilection for undernourished persons, 
nor does the dietary of patients with purpura reveal itself characteristic- 
ally low in vitamin or protein-containing foods. 

Following the isolation of hexuronic acid from citrous fruits and from 
adrenal cortex by Szent-Gyorgi, in 1928.-^ there has developed wide- 
spread interest in the relationship between vitamin C metabolism and 
hemorrhagic disease. Apparently latent scurvy can be precipitated 
not only by insufficient intake of the vitamin but also by changes in 
the intermediary metabolism in the course of chronic infections-^”^ 
and probably by interference with absorption, as in disease of the 
gastro-intestinal tract. It may be that certain cases of “purpura” 
occurring under such conditions are in effect scur\'y, and that vitamin 
C therapy would be beneficial. Because of its relationship to the integ- 
rity of bloodvessels, vitamin C has been administered also in other 
bleeding disorders. Vogt"® reported the arrest of uterine hemorrhage 
in 4 young women, 1 of whom had thrombopenic purpura, by the intra- 
venous injection of cevitamic acid. Junghans®® claimed to have arrested 
hemorrhage in 33 of 35 patients with severe menorrhagia, mostly of 
the premenopausal type, with 100 mg. of cevitamic acid injected daily 
intravenously. Bleeding stopped in 4 to 6 days. Boger and Schroder®^ 
reported that they had checked bleeding in every class of hemorrhagic 
diathesis, including thrombopenic purpura, by the intravenous injection 
of 100 to 300 mg. of cevitamic acid daily. These claims appear extrav- 
agant to us. In our hands, at least, this therapy has been of no value 
in the treatment of thrombopenic purpura. 

Transfusion. In a certain number of cases spontaneous recovery 
occurs. Because of this a conservative'®'®® attitude towards purpura has 
been advocated. Large direct or whole blood transfusions®® have been 
advised. Jones and Tocantins®® observed that daily transfusions of 
200 to 300 cc. are usually more beneficial than isolated large transfusions 
in checking the hemorrhage of purpura. This also has been our experi- 
ence. Citrated blood apparently is as effective as direet, or whole blood 
transfusion. 

Roentgen Ray. Roentgen ray therapy directed over the spleen has 
been advocated for many years.®^ Recent reports by Hippe and Koch- 
mann®® and others record gratifying results. Other reports are less 
favorable. The differences may be due to the seleetion of cases and to 
the varying modes of administration. In onr experience, this form of 
therapy has been disappointing. 
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Svlenectoiny. Eliason and Ferguson, reviewing 213 cases in tlie 
literature up to 1932, found that 88% of patients with chronic thrombo- 
penic purpura and 65% of those with the acute forms were cured by 
splenectomy. The operative mortality of the entire group was_ 13%, 
whereas in the last 4 years the operative mortality had been / % 
cases. The higher figure was attributed to the poor operative risk ot 
the earlier group of patients. The authors emphasized the need of 
preparation by transfusion in 4,11686 patients. There still remains con- 
troversy over the optimal time for splenectomy. Conservative judg- 
ment suggests the advisability of waiting for temporary remission. 
However, “uncontrollable bleeding, whether sudden and severe or 
recurrent, appears to be the indication for splenectomy in purpura 
hemorrhagica.” 

II. Bleeding Tendency in Obstructive Jaundice.— The bleeding ten- 
dency in jaundice has been attributed to lack of available calcium, 
retention of bile constituents, decreased fibrin or fibrinogen, excess of 
heparin, etc., but later studies have not confirmed such hypotheses. 
The extensive literature on this subject is reviewed in articles by Wan- 
gensteen^’’ and others^^'^h Recently anoxemia,^® and lack of prothrom- 
bin,'”' and excess of cystein"" have been suggested as causes of the phe- 
nomenon. Since the mechanism is not clearly understood, the predic- 
tion of hemorrhage in jaundiced patients has been uncertain. Appar- 
ently as increased sedimentation rate, described by Linton, is not a 
constant feature in these cases.^®-'^^ Certain authors believe that the 


intensity and duration of jaundice and a prolongation of clotting time 
are a better index of the bleeding tendency. Quick'”’ and others -believe 
that it may be detected by a prolonged prothrombin time. 

Notwithstanding theoretical objections to calcium therapy, there 
are still many who attest to its efficacy, either in the form of calcium 
chlorid, as proposed by Lee and Vincent^'' and Walters,^^ or in the form 
of the gluconate. Walters prepared patients with obstructive jaundice 
for operation by administering large amounts of glucose by mouth and 
by reptura, and also by injecting intravenously 5 cc. of a 10% calcium 
chlorid (prepared in redistilled water) daily for 3 days before operation. 
He believed that this prevented postoperative hemorrhage. However, 
probably the most reliable measure for preventing and combating 
hemorrhage in jaundice still appears to be transfusion. Judd®® and his 
coworkers^ have pointed out that if surgery is indicated in jaundiced 
patients, it is advisable to force both enteral and parenteral glupose, 
an^o give blood transfusions before and after the operation. 

in. HemopMa.— The mechanism underlying the prolonged clotting 
time and bleeding tendency in hemophilia is still unknown. Older 
tiieories attributed the abnormality to calcium deficiency ,‘'® to thrombo- 
kinase delect, to excess of antithrombin,^® and to prothrombin defect.^® 
i lore recent work, however, suggested rather that the abnormality 
resided m a peculiar platelet stability resulting in a slow liberation of 
prothrombin (according to some) or thrombokinase (according to others) 

been fnkrto’f" formation.®®.®®-'^ The defectfthus, has 

- a qualitative change, and therapy accordinglj" has been 

aimed at acceleration of coagulation. Although accessible bleeding 


\ 
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apparently can be checked by local hemostatic agents,--"^ attempts to 
alter the fundamental clotting defect have been unsuccessful. The 
beneficial effect of ovarian therapy, reported by Birch“' has been dis- 
claimed by other workers.®- Until recentl 3 ' the most dependable method 
of shortening clotting time and checking bleeding has Ijeen transfusion 
of blood. In our experience, this usually can be done with small trans- 
fusions either of citrated blood Or plasma.®® 

Recent studies bj’’ Eley®'* have been most promising for a specific 
therapeutic agent. Following the previous reports bj" Mills®® that 
“tissue fibrinogen” prepared from bovine lung tissue shortened the 
clotting time and arrested the hemorrhagic phenomena in this disease, 
Eley prepared a tissue protein extract from human placenta which 
provided a more marked and lasting effect. With the oral administra- 
tion of from 5 to 15 cc. of this material two to three times daily, the 
clotting time was reduced to normal limits for from 2 to 9 da 3 's. In 
11 of 15 cases there was remarkable success. Older patients were apt 
to be refractory; in certain of these the intramuscular injection of 5 to 
10 cc. of the material gave a satisfactory response. This material was 
also very effective in arresting accessible bleeding in other hemorrhagic 
conditions. , 

IV. Miscellaneous Hemostatic Agents.-— In Europe, several new 
drugs have had recent vogue in the treatment of bleeding disorders. 
“Nateina,” a proprietary which is said to be a mixture of vitamin con- 
centrates and calcium phosphate, has been advocated for the treatment 
of hemophilia.®® Reports have not l)een universall 3 ’’ favorable.®" 
“Sangostop,” a proprietary made of a solution of apple pectin, has 
been advocated for non-specific bleeding. It is marketed in 1.5% 
solution for parenteral use. Brahn and his coworkers®® found that it 
shortened clotting time in rabbits. Sack®® reported the prompt arrest 
of bleeding in 32 cases of hemorrhage after the injection subcutaneousl 3 ’’ 
or intragluteall 3 ’’ of 20 to SO cc. It was administered orall 3 ’' in 5% solu- 
tion particularly for cases of gastric hemorrhage. In 3 patients with 
hemophilia there was also apparent benefit from this therap 3 \ 

Congo red in 1 % aqueous solution has been administered with success 
in severe cases of thrombopenic purpura. Briihl®® reported the prompt 
arrest of bleeding in 4 cases which had failed to respond to the usual 
measures. The dye was injected intravenously in doses of 10 to 20 cc. 
without causing untoward reactions. Bleeding stopped within 4 to 12 
houj;s. Its mode of action was unexplained. 

These agents may prove to be of distinct value. Unfortunate^’’ we 
have had no experience with them, and therefore an appraisal of their 
worth would be untimel 3 L 

Arthur J. Patek, Jr., M.D. 
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Lesions Involving the Lung and Pleura. — Tlie necessity of knowing 
the exact position and shape of a lesion is a fundamental requisite to 
the proper interpretation of the roentgenographic images of lesions 
involving the lung. Levitin and Brunn,® in a study of the roentgeno- 
logic appearance of the lobes of the lung and tlie interlobar fissm-es, 
have provided a series of excellent illustrations depicting the free por- 
tions of the individual lobes and the overlapping portions in their 
relation to one another. In a series of 32 drawings they exemplify the 
various shadows observed in different types of lesion. Sixty-four 
reproductions of roentgenograms compare the findings in films made in 
the postero-anterior projection with those observed in those made in 
the lateral projection. 

Roentgenograms exhibit superimposed shadows of a three-dimension 
object projected on a flat plane. The shadows are of two dimensions 
and do not give a true picture of the shape of the process and its loca- 
tion. To bring out the third dimension, stereo-roentgenograms are often 
made. The use of postero-anterior and lateral projections afford two 
films in planes at right angles to each other, which is of great aid in 
studying the position and shape of the parts under consideration. 

Processes occurring in the interlobar septa offer particular difficulty 
in interpretation on a single postero-anterior projection. Because of 
the oblique position of the septa, the horizontal ray projects the shadow 
of the septa on the roentgenogram as a broad surface, giving the impres- 
sion of a diffuse area of lung involvement. Stereo-roentgenograms do 
not bring out the true nature or location of this process. A lateral view, 
in the same plane as the interlobar fissure, affords a totally different 
conception of the limits of the process. 

The authors qualify their interpretations of the roentgenograms pub- 
lished with the statement that all disease processes affecting these 
di^'isions of the lung would not occupy the areas designated in their 
diagrams: previous disease of the lung may have resulted in retraction, 
distortion, or displacement of the lung under consideration. The 
entire interlobar septum usually is not involved by the disease. Like- 
wise, only a portion of one or more lobes may be affected. The general 
configuration of the affected parts, however, closely simulates the dia- 
grams experimentally produced. 

They point out that lung abscesses are most frequent in the superior 
di^dsion of the right lower lobe, and primary carcinoma of the lung infre- 
quently occurs here. Pneumonia of the lower lobe is more frequent in 
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the superior division of the right side, and because of its central app^r- 
ance on the roentgenogram is often called “central pneumonia. ihe 
physical signs of the process are found in a small circumscribed area 
posteriorly between the scapula and spine and between the fourth and 

'^Atelectasis, especially postoperative, is frequently found in the inferior 
division of the right lower lobe. Physical signs of atelectasis of this 
portion of the lung are frequently absent despite considerable involve- . 
ment as seen on the roentgenogram. If atelectasis is of long duration, 
there is considerable diminution in size of the involved lung. The 
superior division of the lower lobe will become emphysematous and fill 
the posterior recess behind the diaphragm. Normal breath sounds and 
resonance are found posteriorly. Likewise, anteriorly the clear middle 
lobe will mask the involved lung. Dullness, if elicited, is continuous with 
the liver dullness. 

It is interesting to note the infrequency of involvement of the entii-e 
left upper lobe by pneumonic consolidation, and the infrequency of 
effusion in the interlobar fissure. The left lower lobe was found to be as ' 
frequently involved by pneumonia as the right lower lobe. It also 
showed similar division of involvement in the superior and the in- 
ferior portion. 

Physical signs of involvement of the interlobar fissure between the 
right upper and right lower lobe may be absent, because this fissure 
approaches the chest wall only in the axilla — its narrowest part. In the 
interlobar fissure between the right upper and right middle lobe the 
process is overlapped by considerable lung which, if not involved, cannot 
transmit the dullness of the effusion. An interlobar fissxire completely 
surrounds the right upper lobe, a combination of that between the right 
upper and right lower lobes and the fissure between the right upper and 
right middle lobes. Because of the broad shadow obtained in the pos- 
tero-anterior projection, which is less dense centrally near the hilus, 
involvement of these two fissures has often been misinterpreted as lung 
involvement and frequently as lung abscess. It is the posterior fissure, 
lying obliquely, which accounts for the broad shadow. The lateral 
projection clearly demonstrates the contour of this fissure. 

Effusion between the middle and lower lobes is the most frequent of 
all interlobar effusions. The oblique course of this fissure explains the 
broad shadoAv seen in the roentgenogram in the postero-anterior projec- 
tion. 

Atelectatic lung is smaller than the normal lung. The middle lobe is a 
small lobe and when atelectatic may diminish so in size as to approach 
the dimensions of a large effusion beLveen the lobes. 

A high diaphragrn superimposed over the cardiac shadow is frequently 
confused with an interlobar effusion betiveen the middle and lower 
lobes. A superimposed pendulous breast may cast a shadow which 
can be erroneously interpreted as an interlobar effusion. The ri<^ht 
interlobar fissure bordering the upper surface of the lower lobe is the 
major fissure separating the lobes. This fissure separates the lower 
lobe from the upper posteriorly (from the hilus to the posterior chest 
walB and the lower lobe from the middle lobe anteriorly (from the hilus 
to the anterior chest wall). Effusion in this area can easily be mistaken 
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for a large tumor. A roentgenogram in the lateral projection clearly 
establishes the position of the shadow witliin the interlobar fissure. 
Interlobar effusions involving the fissure between the left upper and the 
left lower lobes are not common. Exudates in the interlobar fissures 
are by no means as infrequent as the paucity of reports in the literature 
would indicate. Stivelman^^ asserted that they cast shadows which are 
frequently misinterpreted. They may occur in any of the fissures; in 
one instance an exudate was found in the azygos fissure. In his experi- 
ence, tliey account for many of the so-called mild and atypical pneu- 
monic processes, and occasionally are confounded with intrathoracic 
neoplasms. Many cases of unresolved pneumonia, when not due to 
tuberculous processes, are either primary interlobar exudates or exudates 
complicating recently resolved pneumonic infections. Transudates 
secondary to circulatory failure may accumulate in interlobar fissures 
arid closely simulate pulmonary consolidation or intrathoracic neo- 
plasm. Clinically, an interlobar exudate may develop with so few con- 
stitutional disturbances and such moderate pain and cough that its 
accidental discovery on the roentgenogram may be disconcerting. As 
a rule, it makes its appearance in much less stormy fashion than lobar 
pneumonia, and while at times the cough may be quite distressing there 
is no bloody sputum. The paucity of physical findings in interlobar 
pleurisy is in itself of diagnostic importance. A critical drop in temper- 
ature is rarely observed in interlobar exudate, nor does the blood count 
show as high a leukocytic response and preponderance of neutrophils 
as it does in pneumonia. Interlobar exudates will rarely simulate endo- 
bronchial neoplasms vath atelectasis of the tributary lung area, dis- 
placement of the trachea and mediastinal contents toward the involved 
side, narrowing of the interspaces and retraction of the diaphragm on 
the side of the lesion. In carcinoma with alveolar involvement, and in 
those casting a shadow in the hilum that e.xtends toward the periphery, 
confusion with interlobar collections of fluid may occur. If roentgeno- 
grams in the lateral projection show these shadows to be intimately 
connected with an interlobar fissure, time and patience may be neces- 
sary to demonstrate the gradual disappearance of the shadow that will 
substantiate the interpretation of an interlobar exudate. The necessity 
of the postero-anterior and true lateral projection in the making of 
roentgenograms for stud;>T,ng of this type of lesion is stressed. 

Baum^ beheved that electrosur^cal severance of pleural adhesions 
may convert an ineffective artificial pneumothorax into an effective 
one. Since thoracoscopy is relatively harmless, intrapleural closed 
pneumolysis should be the treatment of choice in ineffective artificial 
pneumothorax. When adhesions become organized, forming fibrous 
strings, cords, bands; or fans, which prevent the tuberculous cavity from 
collapsing, or which, by contraction, cause a reexpansion of the collapsed 
lung and reopening of the ca^^ty, the aid of the roentgenologist may be 
invaluable. In questionable cases, the roentgenologist should not 
commit himself, because the roentgenographic picture differs frequently 
from the thoracoscopic. The final decision as to the procedure of intra- . 
pleural closed surgery should never be made on roentgenologic evidence 
alorie. 

In an effort to visualize intrapleural adhesions to decide which were 
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the chief factors in preventing proper collapse, or in holding open _ a 
cavity, Ellison^ used oblique plane exposures of the hemothorax m 
which the pneumothorax existed. By using a lead screen covering ha 
of the cassette (14" by 17") in the long diameter and changing the screen 
position between exposures, he juxtaposed one view made in an anterior 
oblique plane and one made in a posterior oblique plane on one him. 
This, with one roentgenogram made in the postero-anterior plane, gave 
him more information than he had in one set of roentgenograms made 
stereoscopically. The angle of rotation used to obtain the oblique 
views was about 45° from the plane of the film. In mahing the exposure 
in the posterior oblique position the forearm on the involved side was 
placed across the small of the back and in the anterior oblique position 
the arm was rotated inwards and the point of the shoulder was brought 
forward as far as possible. All exposures were made during the expira- 
tory phase of respiration. 

Encountering difficulty in the administration of gas to a patient in 
whom formerly there had been no difficulty, and wdiose fluoroscopic 
tracing showed a well collapsed lung, suggested to Blady and Cohen^ 
the possibility of giving the treatment under fluoroscopic guidance. 
This was accomplished without difficulty with the aid of the fiuoroscope. 
Since that time a weekly clinic at wffiich difficult cases were treated 
under fluoroscopic guidance has proved of inestimable value and has 
produced gratifying results. The usual method is to observe the patient 
in the upright position, turning him until the suitable angle for the 
individual patient is determined. A direct tracing of the chest and the 
relative positions of the heart, trachea, hilar regions, diaphragm, and 
position and shape of the collapsed lung is made. The patient then 
lies down on the unaffected side and the affected side is fluoroscoped, 
using the horizontal ray. The findings are ti-aced on a 14" by 17" cellu- 
loid transparency. Prom study of the two tracings the most suitable 
point for insertion of the needle is located. The needle is introduced 
under fluoroscopic control. All giiess work in the difficult cases has been 
replaced by direct observation and accurate guidance. 

Generalized pleural effusion accompanying congestive heart failure 
is observed frequently, but localized effusion noth heart disease has not 
been emphasized. ShifletB'’ found records of localized interlobar effus- 
ions increasing as symptoms became severe and decreasing coincident 
Awth clinical' improvement. 

It is generally agreed by internists and pathologists that the lungs of 
the adult are relatively immune to syphilitic infection. There is ample 
pathologic evidence of the luetic etiology of the massive interstitial 
consolidation or white pneumonia of infants. Robinson^ found reports 
of 12 cases from 2,800 autopsies at Johns Hopkins Hospital. Only 4 
adults; 3 of the 12 had been recognized clinically. In 
20 000_^ patients admitted to the Munster Clinic, ICr-ause had observed 
only o cases. Roentgenologically, he found three types of lesions 

+ thickening of all the bronchial markings, 

studded with minute ^obby” enlargements, radiating from the hilus 



scribed this lesion which, if bilateral, maj: b;7c;;:fS vffih iSeTfil: 
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trative type of metastatic malignancy. If unilateral, it maj’’ simulate 
primary bronchogenic carcinoma of the infiltrating tj^ae. 2, Gumma 
of the lungs, which may be miliary and multiple or solitary, discrete 
masses several centimeters in diameter, appearing as nodular areas of 
increased density, usually near the hilus, or in the periphery of the lung 
field. In the earlj'^ stages of development of these nodular areas a de- 
limiting zone of pneumonitis is formed about them, this is replaced 
later by a fibrous connective-tissue capsule. Necrosis may present as an 
area of rarefaction in the central portion of the nodule, or fibrosis may 
occur. In the earlj" stage of the solitary discrete mass, especially if it is 
situated in the periphery of the lung, the condition may be confused 
with lobular tuberculosis or abscess formation. In the later stage of 
encapsulation, when located near the hilus, it maj’- simulate a primary 
malignant tumor. The miliary form may be erroneously interpreted 
as metastatic malignancj'. 3, The diffuse lobar form, which is occa- 
sionally described as a clinical entity, is really a massive atelectasis 
secondary to bronchostenosis due to syphilis of the primary bronchus. 
Ordinarily, in uncomplicated syphilis of the lung, cavitation only occurs 
in the terminal stages, and then as a result of bronchial dilatation and 
bronchiectasis. Calcification has never been noted in sj'philis of the 
lung. There are no pathognomonic roentgenographic images of syphilis 
of the lung. Various observers have credited the lesion with a predilec- 
tion for the middle lobe of the right lung, the hilar zone in one lung field, 
or the base of one lung. Sjonptoms and signs are quite variable, usually 
dependent on the nature and extent of the lesion; they may even be 
absent. They maj’’ be manifested by a dry, trivial cough or the expec- 
toration of a mucopm-ulent sputum, with febrile reaction and all signs 
of an active tuberculosis. A sudden and severe hemoptysis may be 
the first symptom. In a case of sj^philitic tuberculous symbiosis, with 
sputum showing positive findings of tubercle bacilli, an associated 
syphilis of the lung would never be suspected. JNIany cases are probablj' 
missed or confused with tuberculosis or tumor of the lung, which may 
account in part for the rarity of the disease. The case he reported was 
in a negress, aged 36, which conformed to all the criteria laid doAvn for 
a diagnosis of syphilis of the lung, namely, sjqjhilitic historj'-, signs and 
symptoms of a chronic, stubborn, progressive pulmonary lesion, re- 
peated examinations wth failure to find tubercle bacilli in the sputum, 
positive serology and a lesion which roentgenographicallj’^ was more 
extensive than the physical condition of the patient warranted. Re- 
sponse to specific therap 5 f was prompt and lasting. Wigbj^ and San- 
ders^^ reported a case of gumma of the lung in a negi-o, aged 34, with 
surrounding syphilitic pneumonia which was found at necropsy. 

Fruchter,® in discussing discrete pulmonary lesions, presented a type 
of pulmonary tuberculosis to which Abbert, Fraenkel and Straub 
recently called attention occurring as isolated, sharply defined, coin- 
sized, round encapsulated shadows with no reaction in the surrounding 
tissues. These maj’’ develop with or without fever and vdth positive or 
negative findings in tlie sputum examinations. The foci maj>^ remain 
stationary for years, even in the presence of a progi-essive and finally 
fatal tuberculosis elsewhere. They may eventually progress, however, 
and go on to liquefaction and cavitation, extending into the surrounding 
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tissue by the formation of daughter foci. _ These lesions constitute a 
rare form of exudative focal tuberculous inflammation isolated by a 
connective tissue capsule. One has difficulty in differentiating these 
lesions from tumor metastases, which commonly appear as discrete 
pulmonary shadows. They may simulate nomtuberculous bronAo- 
pneumonia, syphiloma, cysticercosis, and echinococcus cysts, ihe 
clinical history has 'a prominent place in making the diiierentiai diag- 
nosis. Repeated or- serial roentgenograms to study the morphologic 
changes are all but indispensable. _ i 

Pulmonary calcifications interested Aristotle and since his time have 
fascinated the minds of generations of medical investigators. Pender- 
grass and de Lorimier’ stated that the biogenetic nature of their develop- 
ment is not knovm. Wells, after an exhaustive study, concluded that 
there seemed to be no essential differences between the processes in- 
volved in normal ossification and in most instances that of pathologic 
calcification; any area of calcification may be changed to true bone in 
the course of time. In general, when one attempts to account for cal- 
cified lesions in the lungs, these four possibilities are to be considered; 
1, Secondary calcification after degeneration or necrosis due to infec- 
tion; 2, primary or secondary calcification of aspirated foreign bodies; 
3, precipitation of the osseous inorganic elements, due to excessive con- 
centration of these in the blood; arid 4, metastases of bone-forming cells. 
Concretions of grossly visible dimensions, produced by any of these 
four general types of processes, are spoken of as “ pneumoliths,” “ lung 
calculi” or ''lung stones.” When parenchymal concretions erode 
through the walls of the bronchi and become free in the lumina of the 
• bronchi or bronchioles, the term “broncholith” is applied. These 
broncholiths are irritating to the mucosa, a cough reflex is stimulated 
and with cough a change in the position of the broncholith occurs with 
further irritation. Bronchorrhea (excessive secretion of mucus) and 
bronchial colic (bronchial spasm) with wheezing and expiratory dyspnea 
are the underlying causes of a symptomatology often described as 
"stone asthma.” Paroxysmal cough is the rule, sometimes climaxed 
by an explosive effort which usually results in expelling a stone or gritty 
material. Pain, tearing or cutting, localized to the poststernal region 
or referred to one or the other lateral portion of the chest results from 
the cough paroxysms. Hemoptysis usually occurs with the passage of 
a stone; it may occur repeatedly during the coughing attacks, or occur 
periodically over several weeks or months. Many of these cases are 
considered to he pulmonary tuberculosis, notwithstanding repeated 
negative examinations of sputum. If secondary infections occur the 
condition becomes masked by the symptoms and signs of chronic bron- 
chitis, bronchiectasis, abscess or pneumonia. Roentgenologic examina- 
tion and recognition of the concretion, occasionally exhibitmg a periph- 
eral wedge-shaped area of atelectasis or dense infiltration, and subse- 
quent bronchoscopic removal of the concretion offers a favorable proe- 
no^s in an otherwise puzzling and distressing malady. 

. ^ongemtal_ cystic lung is a rare anomaly. The few cases surviving 
infancy offer interesting studies. The literature is filled with conflictmg 
vpnTA/ congenita] anomaly, congenital bronchiectasis, con- 
genital cjstic lung, atelectatic bronchiectasis, honey-comb lung. The 
various terms probably have arisen in association with the many theo- 
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ries of origin. A congenital origin seems the most plausible, and most 
easily explains the great number of cystic lungs found in still births 
and young infants. Congenital cardiac and skeletal lesions are frequent 
accompaniments. Cysts encountered in adults are usually altered by 
infection and their origin is difficult to determine, but Koontz noted 
that a lack of pigment in the tissue involved showed that the part never 
functioned and is evidence' again that the condition antedated birth. 
Most writers agree on a congenital origin, but its cause is altogether 
obscmre. As to cysts, there are two types reported, the large solitary 
and the small multiple. The terms above would seem to apply more 
aptly to the' multiple. The two tjqies seem closely related and probably 
both have a similar congenital origin. The two have occurred together 
in the same patient, and are probably merely a different e.xpression of 
the same condition. Some contain fluid when first noticed; in one large 
solitary cyst of the left lower lobe reported in an infant, the fluid was 
spontaneously coughed up and the cyst became filled with air. hlultiple 
cj’’sts similarly at first may contain fluid, the fluid later being replaced 
by air when bronchial communication occurs during development and 
growth of the lung. 

Recognition of the larger solitary cysts is not difficult in the face of 
severe symptoms. Recurrent attacks of dyspnea and cyanosis in an 
infant with hj’perresonance and displacement of the mediastinum should 
suggest a cyst rapidly filling with air. Roentgenologic examination 
should con&m the diagnosis, either alone or with the aid of lipiodol. 
Small multiple cysts are less easily picked up and, if no infection super- 
venes, may remain silent in the adult, when diagnosis is imimportant. 
Infection in infants simulates bronchiectasis with cough and sepsis. 
There may be little or no sputum. Prognosis is poor, and death ensues 
usually within the first few weeks or months follovang birth. Thorpe'^ 
presented a 10-j’’ear record of the small multiple cyst type, a chance 
Roentgen finding in a routine school examination in which investigation 
revealed previous roentgenographic examination in infancy. At that 
time there. was infection Avith cough and fever and the diagnosis Avas 
congenital bronchiectasis. The case is remarkable from the fact that 
the involvement was in an accessory lobe. The patient, a Japanese 
girl, aged 13, was referred for a Roengen examination of the chest. 
The clinicali_diagnosis Avas tuberculosis. Her complaint Avas a mild 
chronic non-productive cough and underAveight. In the 10 years since 
she was first examined she had an intermittent dry cough, her history 
showed she had spasms of cough AA'ithout sputum at the age of 2 years, 
and an attack of whooping cough shortly after birth suggested early 
manifestation of an anomaly. A roentgenogram of the chest revealed 
the same mffitiple air-containing cysts in the right lower lobe noted in 
March, 1924. They occupied a triangle medially and opposite the heart 
laterally, so that the normal lung surrounded the cystic area. Their 
lateral limit was a straight sharp line Avith slight tenting at its junction 
Avith the diaphragm. The heart was not displaced. Roentgenoscopy 
rcA'^ealed a slight lag of the diaphragm on the right. Cough elicited' no 
noticeable winldng of the cysts. 

Reitter® presented a case of a white girl, aged 9, AAffiose mother stated 
that the child had always had some cough, productive at times. The 
child, was referred with^a^clinical^diagnosis of pulmonary tuberculosis,' 
and never had whooping cough, pneumonia or any other acute respira- 
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tory infection. Physical examination showed clubbing of the fingers 
and marked pulmonary osteoarthropathy. Koentgeno^aphic examin^ 
tion showed multiple globular cavitations throughout both lungs, with 
considerable infiltration along the bronchi. Eight Mantoux tests were 
all negative. Postural drainage produced greenish-mucopurulent spu- 
tum on only one occasion tinged with blood. The diagnosis was con- 
genital bronchiectasis. ■ • 

Acute influenza pneumonitis was applied by Bowen as a term to 
designate inflltrations localized in various portions of the lung observed 
in routine Roentgen examinations of patients with mfld cases of influ- 
enza in the military hospitals in Hawaii. The interesting feature of his 
roentgenographic reproductions is the simulation of numerous types of 
lesion including bronchiectasis, abscess, primary and metastastic malig- 
nancy. Resolution was the rule in from 7 to 10 days. The typical pa- 
tient recovered in a few days but routine roentgenographic chest exami- 
nation revealed a very high incidence of this localized involvement. 

Charles G. Sutherland, M.D. 
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plasma-embryonic extract were made from mapped regions of the hind- 
brain of 5-day incubated chick embryos. A study of over a thousand 
such cultures from 86 brains showed that three regions in each half of 
the medulla were distinguishable by the character of their behavior. 

That part of the medulla anterior to the level of exit of the fifth 
cranial nerve gave cultures from which for 5 days the outgrowing nerve 
fibers were relatively straight, moderately branched, and with most 
branches diverging from one another at a small angle. This region 
comprises a thick basal plate and a thinner alar plate. Cultures from, 
the basal plate usually show a thining of the explant which ex-poses 
structures within it, while from the alar plate, cultures are less apt to 
thin out. 

Cultures from the medulla behind the region of exit of the seventh 
cranial nerve more frequently show winding highly branched fibers, 
with many branches diverging widely from one another. 

Assuming the culture medium to be the same for all cultures, such 
differences in morphology maj’^ be due to inherent conditions that differ 
in regional distribution within the brain, for the possibility of external 
influences from normal growing tracts of fibers nearby has been elimin- 
ated. 

Some of the differences noted may be ascribed to the behavior of the 
ameboid growth cone at the active tip of the extending fiber, which is 
apparently a particularly sensitive portion of the cell surface. Some 
differences may be related to the fact that the basal plate includes 
many motor cells, while in the alar plate are manj' sensory cells. 

Whatever the inherent factors responsible, enough are retained 
under cultural conditions to give recognizable morphological distinc- 
tions. 


Further Studies on the Effect of Section of One Peroneal Nerve of 
the Albino Rat on the Intact Nerve of the Opposite Side. — Kozo Tam- 
AKi (Wistar Institute, University of Pennsjdvania). In a previous study 
(1933), it was found that section of one peroneal nerve in the albino 
rat arrested the formation of myelinated fibers in the contralateral 
nerve, sometimes causing even a loss. 

The present study was made to determine how the age of the rat at 
operation or the prolongation of the interval between operation and 
killing affected the results. 

It was found that the number of myelinated fibers in the tests was 
always less than in the corresponding controls. With the advancing 
age at operation, this effect became more marked, while with the in- 
crease of the interval after operation, it diminished, thus indicating 
recovery. 

The increases in the sectional areas of the entire nerve were also 
recorded. The same relations as for the number of fibers were found 
for the areas. 

Thus section of the peroneal nerve on one side of the rat modifies 
the constitution and the area of the contralateral nerve; but this reac- 
tion is in turn modified by the age of the rat at operation and by the 
length of the postoperative interval. These effects are considered as 
brought about by toxic substances formed by the damaged neurons, 
and acting on the corresponding neurons in the opposite side of the cord. 
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A Convenient Method for the Determination of the Approxtoate 
Cardiac Output in Man.— John S. Donal, Jk. (Laboratory of Phar- 
macology, University of Pennsylvania). The purpose of this investiga- 
tion was to design a cardiac output method more simple than any noAV 
in use, and to test its accuracy by comparison ivith more complicated 

^ Previous investigators have estimated the oxygen content of the 
venous blood in man by attempting to seeure complete equilibrium 
between the blood and lung air. The unavoidable dilution of any re- 
breathed mixture by the residual air makes this process difficult and 
uncertain and the numerous analyses involved are time-consummg. 
A method has therefore been developed in Avhich approxirnate equilib- 
rium with the venous blood is attained in a single rebreathing of about 
2500 cc. of nitrogen. Two accurately timed samples, taken after mixing 
is complete and before recirculation begins, permit the calculation of the 
cardiac output from the formula: 

^ (A-B) 

Cardiac output = 

Avhere A is the oxygen consumption in cc. per minute, measured in the 
usual manner; B is the oxygen consumption in cc. per minute during 
the rebreathing period between the collection of samples ; C is the normal 
arterial oxygen content, or 96% of the blood oxygen capacity, as esti- 
mated from a hemoglobin determination; and D is the oxygen content 
of arterial blood as calculated from the average of the tensions of oxygen 
and carbon dioxid in the two alveolar samples and a standard nomogram. 

The oxygen consumption, B, found during the rebreathing of nitrogen, 
is calculated from an assumed volume of residual air which is not accur- 
ately estimated. It should also be corrected for the unknoivn change in 
circulatory rate resulting from rebreathing. B is small compared to A, 
howcA’-er, and it has been found that these errors do not greatly affect 
the calculated cardiac output. 

Estimations of basal cardiac output by this procedure haAm been 
found to be in good agreement with determinations made on, the same 
subjects by the ethyl iodid method of Starr and Gamble and by the 
acetylene method of Grollman. 

A Circulation Schema, with Pumps Obeying Starling’s “Law of the 
Heart.’’—/, The Canstnidion of the Schema from Physiological Data. 
II. On the Cavses of Increased Venons Pressure, in the Schema, and in 
Obtain Clinical Conditions. Isaac Staeb, Jk., and A. J. Raaa'^son 
(Department of Besearcli Therapeutics and Johnson Foundation, 
University of Pennsylvania). A circulation schema has been con- 
structed, with pumps which fill without suction and put forth more 
AYork the more completely they are filled; i. c., their behavior simulates 
btarhng s LaAv of the Heart. In this schema the factors responsible 
for increases of venous pressure as the “heart” is Aveakened can be 
elmded into two main classes by their relationship to the genera! sys- 
temic pressure, %. c., the pressure existing throughout the svstem Avhen 
stopped. Thus if increased “venous” pressure is caused by 
ppropnate alteration of the resistances, or by weakening one side of the 
heart, venous pressure falls Avhen the heart is stopped. If Wased 
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venous pressure is due to a diminution of the reduction of pressure, 
which can be demonstrated on the “venous” side of any circulation 
when a single pump is started, the venous pressure will rise when the 
pump is stopped. If an increased venous pressure is due to an elevation 
of the general systemic pressure, the venous pressure remains elevated 
after the pump is stopped. 

The reduction in cardiac output following weakening of the “heart” 
can be compensated by increasing the general sj’^stemic pressure in our 
schema. 

In the clinic, we have attempted to analyze the factors causing in- 
creased venous pressure by comparing this pressure during life with the 
pressime prevailing throughout the circulation immediately after the 
cessation of cardiac action. The latter pressure remains very constant 
for at least 1 horn- after death. Ten cases never known to have had 
increased venous pressure during life had general systemic pressures, 
ranging from 11 to 0, average 4.6 cm. H 2 O after cessation of cardiac 
action. Cases with increased venous pressure during life di^^de them- 
selves into two classes. For example, in a man with venous obstruction, 
the pressure fell from 50 cm. during life to 4 cm. after death. But in 
several cardiac cases the increased venous pressure was maintained 
after death at a point very close to its level during life. 

The results suggest that these cai’diac cases had an increased general 
systemic pressure, perhaps to compensate for cardiac weakness, and 
that this is an important factor in the increased venous pressure they 
exhibited during life. 
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THE INTERRELATIONSHIPS OF THE GLANDS OF INTERNAL 
SECRETION CONCERNED WITH METABOLISM.* 


By C. N. H. Long, M.L., B.Sc., 

PHILADELPHIA. 

(From the George S. Cox Medical Research Institute, University of Pennsylvania.) 


The title of this lecture embodies three questions. One is, what 
do we mean by metabolism; secondly, what is the manner in which 
the hormones influence metabolism; and lastly, do the endocrine 
glands, by their various secretions, alter the activity of other 
glands which in turn must lead to deviations in the metabolic 
processes? 

It is obvious at the present time that any attempt to understand 
these questions fully is impossible. We are not only ignorant of 
the majority of the finer metabolic changes, but our Icnowledge of 
the essential activity of any hormone is very incomplete. Finally, 
when we attempt to e.vplain the manner in which the activit;;’^ of 
one endocrine gland influences that of another, we only too often 
find ourselves indulging our imagination under the guise of scientific 
truth. 


Nevertheless, I shall attempt to lay before you certain phases of 
metaliolism with which we hnoiv the glands of internal secretion to 
he particularly concerned, and to show how more recent work is 
beginning to give us some insight into the true nature of glandular 
interrelationships. 

Before proceeding to any discussion -of these interrelationships 


PiV/'? Neivlwld Lecture of the College of Phvsicians, 

I'hil.'idcliihin, delivered October 2, 1935. 
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it would be as well to refresh our memory on what we mean by 
metabolism. By this word we signify the sum total of chemical 
changes which occur in the organism. These changes involve not 
only oxidation and reduction, but also the synthesis and degradation 
of a large number of chemical compounds. 

The Metabolic Process Considered. It will be impossible to discuss 
more than a few of these transformations and, furthermore, I intend 
to limit my remarks to certain .changes in^mlving proteins, fats 
and carbohydrates. The equall.y important mineral metabolism of 
the body will have to be largely neglected, partly OAving to lack of 
time, but chiefly owing to the fact that our laiowledge of these 
phases of metabolism is even more incomplete than it is in the 
case of the aboAm substances. 

The most important metabolic changes involving the proteins, 
fats and carbohydrates are as folloAvs: 

A. Carbohydrates of the food or derived from body stores are 
deliA'^ered to the tissues in the form of glucose. 

B. Proteins, AAdiether deriA’^ed from food or mobilized from tissue 
reserves are converted into amino acids. About one-half of these 
amino acids are deaminated and converted into glucose in the liAmr. 
The remainder are also deaminated, but then probably folloAv the 
same metabolic patlway as the fatty acids. Finally, a certain 
amount of resjmthesis of body protein is also carried out from 
amino acids. 

C. The fats are split into fatty acids and glycerol. Tlie latter 
substance is, Ave believe, conA'^erted into glucose, AAdiile the fatty 
acids are oxidized to CO2 and H2O. 

While it is not impossible that protein may be metabolized 
Avithout following the path of glucose or fatty acids, for the purpose 
of our argument we Avill assume that this is unusual. 

This interconversion of foodstuffs is further completed by the 
fact that glucose may, under certain circumstances, be converted 
into fatty acids. The reverse change, the conA'ersion of fat to 
carbohydrate, although postulated by some authorities, is at present 
not accepted by the majority of AAmrkers in this field. 

We have in this manner reduced our study of the metabolism 
of protein, fat and carbohydrate largely to a consideration of the 
production of glucose and its utilization, and to the metabolism of 
fatty acids. 

'^^^Ien a certain quantity of glucose, AA’hatever its source, is pre- 
sented to the tissues, Ave know that tAA'o main transformations 
result: a, a certain portion is oxidized to CO2 and H2O; b, another 
portion is converted into glycogen. Part of this glycogen is stored 
in the Ih'er AA^hile a somcAAdiat larger portion appears in the muscles. 
The liA’-er glycogen is usually held to be simply storage carbohydrate, 
but there is no doubt that the muscle glycogen is intimately con- 
cerned with contraction and follows a different metabolic patliAvay. 
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It should be noted that some workers have held the view that a 
preliminary transformation of glucose to glycogen is a necessary 

step in its oxidation. ^ / x.. -jo 

The manner in which the long carbon chains ol the tatty acids 
are reduced to CO, and H2O has been the subject of many brilliant 
researches b5^ Knopp. This worker has evolved the following 
scheme; a, the beta carbon atom (i. e., the second carbon atom 
from the carboxjd group) is the point at which oxidation occurs. 
This removes two carbon atoms from the chain, h, this successive 
lopping off of two carbon atoms finallj’^ results in a four-carbon 
ketox>f or hydroxj’' acid, i. e., acetoacetic acid or betahydroxybutyric 
acid. Further oxidation of these acids results in the formation of 
CO2 and water. 

Now it is around this last stage of fat oxidation, that is of the 
acetone bodies, acetoacetic acid and betahydroxj'butjwic acid, that 
some of the most interesting work in metabolism has been done. 
Shaffer, from in vitro experiments, concluded that for the complete 
oxidation of the acetone bodies a certain proportion of glucose 
oxidation is necessary. This has apparently been substantiated 
for the whole organism by many investigators, and in the hands 
of Woodyatt and others has formed the basis for the explanation 
of certain phenomena observed in pancreatic diabetes. 

The coupling up of the final stages of carbohydrate and fat metab- 
olism is one of the most interesting and difiicult problems of metab- 
olism, particularly since more recent work has tended to cast some- 
doubt upon the whole concept. 

We have very briefly outlined some of the major phases of the 
metabolism of protein, fat and carbolii’drate and we now have to 
consider in what manner these changes are influenced or diimrted 
by the various hormones. 

Hormones as Catalysts. The many chemical changes that occur 
during metabolism take place under practically isothermal condi- 
tions. This is rendered possible by the presence in the body of 
substances which may be grouped under the general term of 
catalysts. 

These biologic catalysts can be divided roughly into four groups: 

A. Tile digestive enzymes such as pepsin and trypsin. 

B. The intra- and extracellular enzymes and catalvsts, such as 
arginase, phosphatase and glutathione. 

C. The vitamins. 

D. The hormones. 


In the case of the last two groups, the rdtamins and hormones, 
it has not been definitely established that they bring about their 
eltects by catalytic action, but nevertheless, in the case of ascorbic 
acid and insulin tlie evidence at present is highly suggestive that 

participate in the bocly economy. 
A further difi^erence of these substances from those in the first 



744 long: glands of internal seceetion 

two groups is that they require the ]n'eseuce ol' intact, living cells 
for the demonstration of the activity. 

Without pressing the analogy between hormones and catalysts 
too far, it is my intention to outline the cifeets of certain hormones 
upon metabolic processes as though these chemical reactions were 
markedly accelerated or retarded by these substances in the manner 
in which well defined catalysts have been shown to influence other 
chemical changes. 

The Hormones Inflncneimj Glucose and Fatty Acid Metabolism. In 
investigating the function of any hormone three methods are usually 
followed: 

A. Study of the effects of complete deprivation by excision of 
the glands secreting the particular hormone. 

B. Study of the effects produced by replacement of the excised 
gland by a purified preparation of the hormone. 

C. Study of the effects produced in a normal animal by the 
injection of such a purified preparation. 

By the use of these methods the following hormones have been 
demonstrated to exert a marked influence on glucose and fatty 
acid metabolism. 

I. Epinephrin. .4. Removal of all adrenal medullary tissue ren- 
ders the animal sensitive to insulin, and unable to comiteract suc- 
cessfully the effects of exposure to cold by an increased heat pro- 
duction. In addition many of the usual phenomena invoked by 
pain or emotion are absent. From our point of view, the most 
interesting effect is the failure of the blood sugar to. increase under 
these conditions. 

B. An injection of epinephrin produces the following changes in 
carbohydrate metabolism : 1 , The blood sugar rises and glycosuria 
may appear; 2, the blood lactic acid increases; 3, the liver glycogen 
at first is decreased and then increased; 4, the muscle glycogen is 
converted into lactic acid which is carried to the liAmr and converted 
into glycogen. As a result the liver glycogen is finally increased 
above its initial level ; 5, glucose utilization in the tissues is decreased. 

Thus under the influence of epinephrin a cycle of the formed 
carbohydrate elements of the body is established. In other words 
this hormone effects a redistribution of the carbohydrate of the 
body by increasing the rate of glycogenolysis both in muscle and 
liver. It is important to recognize that epinephrin does not stimu- 
late the formation of new carbohydrate from protein, nor can it 
produce a true diabetes mellitus in an intact animal. In this sense, 
epinephrin is not a contra-insulin or diabetogenic hormone. 

II. Thyroxin. A. It is well known that total thyroidectomy 
results in a marked fall in oxygen consumption. It is not so well 
known that completely thyroidectomized animals exliibit but slight 
blood sugar responses to epinephrin injection. 
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B. The mjection of thyroxin into normal animals produces a 
marked increase in oxygen consumption and a depletion ot the 

body stores of glycogen. , , , , ' j. • i j. i 

The effect of epinephrin upon the blood sugar of animals treated 

with thyroxin is dependent upon the liver glycogen stores. Thus, 
so long' as liver glycogen is present epinephrin hyperglycemia is 
exaggerated. ^^Tien, however, the liver glycogen has been depleted 
epinephrin has but little effect upon the blood sugar. This apparent 
interrelationship between the thyroid and adrenal medulla is there- 
fore largely determined by the quantity of liver glycogen present. 
It is probable, however, that one of the effects of thyroxin is to 
sensitize the sympathetic nerve endings so that minimal amounts of 
epinephrin produce very large effects. 

In a similar manner there is an apparent relationship between 
insulin and the thyroid hormone which upon examination is also 
more reasonably interpreted in terms of the liver glycogen content. 
Thus small doses of thyroid extract diminish the hypoglycemic 
action of insulin so long as liver glycogen is present. However, 
when liver glycogen has been depleted by prolonged thyroid influ- 
ence, the iniection of minimal amounts of insulin will precipitate a 
fatal hypoglycemia. 

It is apparent that, depending upon the condition of the liver 
glycogen stores when the experiments were made, we might in 
some cases be led to assume that an antagonistic relationship' 
existed between the thyroid or the adrenal and the pancreas, while 
in others that the hormones were reinforcing each other. As a 
matter of fact, what is probably happening is that each hormone is 
exerting its action independently of the other. The response 
obtained is determined liy the existing conditions and not by the 
presence or absence of another hormone. 

I have dealt at some length with these supposed thyroid, adrenal 
medulla, pancreas relationships since they have played a not incon- 
siderable part in the history of diabetes mellitus. The concept 
was first introduced by Falta, Eppinger and Rudinger, and rapidly 
liecame associated with the so-called overproduction hypothesis of 
diabetes mellitus. 


• CoiRplote removal of all adrenal cortical tissue 

IS followed by a condition characterized by loss of sodium from the 
body, hemoconcentration and death. Very frequently such adrenal- 
ectoinized animals develo]) marked hypoglycemia, and usually have 
depleted liver glycogen stores. Until recently it has been assumed 
that this hypoglycemia and carbohydrate depletion was a result 
ot the disturbance in the water and salt metabolism, although whv 
ytr ” occur as a result of hemoconcentration has alwavs been 
difficult to answer. In traumatic shock, for instance, where equallv 

great hemoconcentration is present, the blood sugar is usuall'v 
increased. ^ 
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A recent publication by Harrop and his co-workers^ has done 
much to clarify the occurrence of hypoglycemia following adrenal- 
ectomy. They have found that even if dogs were adequately main- 
tained bj^ cortical extracts or salt feeding they still de^’^cloped hypo- 
glycemia upon fasting. This indicates that under these conditions 
the adrenalectomized animal is unable to maintain his blood sugar; 
in other words, although the salt and water metabolism has been 
restored to normal, there still exists a defect in the carbohj'drate 
metabolism. The importance of this observation Avill be more 
apparent when we discuss the effects of adrenalectomy upon pan- 
creatic diabetes. Up to the present the injection into normal 
animals of large amounts of a cortical extract cajiable of maintaining 
adrenalectomized animals has not been followed by any recognizable 
changes in metabolism. 

IV. Insulin. When we consider the effects of total insulin depri- 
vation we are of course at once confronted with the problems of 
clinical and exiierimental diabetes mellitus. The sequence of events 
following total deprivation of insulin are as follows: 1, Hyper- 
glycemia and glycosuria that persist during lasting. 2, An increased 
nitrogen excretion and the development of a constant proportion 
between the urinary glucose and nitrogen. This proportion, usually 
spoken of as the G/N or D/N ratio, is one of the most characteristic 
features of a total diabetes. It has been interpreted, chiefly by 
the work of Lusk, to indicate that a constant proportion of the 
amino acids either from the food or body proteins is converted 
into glucose. Since, 3, it has been held that glucose oxidation 
virtually ceases in the absence of insulin, all such glucose formed 
from amino acids is excreted. 4, Finally, large quantities of the 
acetone bodies betahydroxbutyric acid and acetoacetic acid appear 
in the urine. 

These facts are well established; It is upon the interpretation 
of the manner in which these various phenomena are brought about 
that a wide difference of opinion has arisen. Until recently it has 
been generally accepted that the increased metabolism of protein 
and fat was a direct consequence of the endeavors of the organism 
to meet its metabolic demands in the absence of glucose utilization. 
This point of view looks upon the failure of glucose oxidation in 
the absence of insulin as the essential defect. The other metabolic 
changes follow as an attempt at compensation. 

Another group of workers has held a different view. The orig- ■ 
inators of this theory were Falta, Eppinger and Rudinger and their ■ 
explanation has come to be spoken of as the “overproduction 
theory.” This group has held that there e.xists an interrelationship 
between the thyroid, adrenal medulla and the islands of Langerhans. 
^Vllen insulin is removed a glandular imbalance is established. .As 
a result the activity of the adrenal medulla and the thyroid markedly 
increases the production of glucose from protein and fat. As a 
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consequence the body is flooded with glucose and the products of 
fat metabolism— the acetone bodies. This school has also 
tained that the normal capacity of the tissues to utilize caibohy- 
drates persists, but the large amounts of glucose presented to them 
as a result of the overproduction mechanisms overtax their capacity 
of utilization and hyperglycemia and glycosuria occur. 

Without going into details it maj' be stated that this original 
theory has been unacceptable to the great majority of physiologists. 
In the first place, as I have already indicated, it is unlikely that 
any such glandular interrelationship exists, and secondly, the \dew 
that fatty acids may be converted into glucose is without support. 

Nevertheless, this “overproduction hypothesis” has introduced 
the concept of a glandular imbalance as playing a part in the dia- 
betic syndrome as opposed to the view that h3’pofunction of the 
pancreas alone inA’okes these mai’ked metabolic disturbances, with- 
out altering the activity of the other endocrine glands concerned 
with .metabolism . 

With these ideas concerning diabetes mellitus before us, let us 
pass to the consideration of another endocrine gland which until 
recently had been very much neglected from the point of view of 
its possilfle metabolic effects. I refer, of course, to the anterior 
pituitary. As before, let us first consider the efl'ects of removal of 
the hormones of this endocrine gland upon the organism. 

V. Anterior Pituitary. Following hypophysectomy in mammals, 
birds, amphibia, reptiles and fish, there occurs a most striking 
atrophy of practically all the endocrine organs. Those most 
markedly involved are the gonads, thyroid, adrenal cortex and, to 
a lesser extent, the parathyroids and thymus. It is‘ also probable 
that the islands of Langerhans are involved in this atrophj', but 
their anatomic situation makes this rather difficult to decide. One 
fact to be remembered is that the adrenal medulla, so far as one 
can judge, is not involved. 

In view of these findings it is not remarkable that hj^pophj’sec- 
tomy results in marked metabolic disturbances. Those reported 
up to the present are: 

A . A decreased metabolic rate and cessation of growth. ■ 

B. A lowered blood sugar and the development of hypogl,y- 

cemia symptoms on fasting. 

C. A marked sensitivity towards insulin. 

p. A decreased response of the blood sugar to epinephrin 
injections (Cope and Marks),- i. e., resistance to this 
hormone. 

E. A decreased fasting nitrogen excretion (Braier).^ 

I ’ . When glucose is fed a large part of it is unaccounted for in 
SRobb)”^'’^^ oxidation or. glycogen storage (Phillips 



748 


long; glands of internal secretion 


G. In some animals markedly increased fat deposition (Cope 

and Marks) 

H. An atypical response to pldoridzin characterized by de- 

creased glucose, nitrogen and acetone liody excretion 

(Houssay).^ 

It is apparent from a study of this tal)le that in addition to the 
anatomic changes in the endocrines widespread metabolic dis- 
turbances- involving protein, fat and carliohydrate are produced by 
removal of the anterior pituitary. Tliis is suggestive of an equally 
close functional interrelationship between the anterior pituitary 
and the various endocrines enumerated abo\'e. 

The dominant influence of the anterior pituitary is further 
emphasized by the study of the effects of anterior pituitary extracts 
injected into hypophysectomized and normal animals. Thus the 
injection of crude alkalin extracts has been shown to cause both 
anatomic and physiologic restoration of the gonads, adrenal cortex 
and thyroid as well as a resumption of gi-owth. 

When these crude extracts are injected into normal animals the 
metabolic rate is increased while at the same time the’ thyroid 
becomes hyperplastic. Another striking effect is the development 
of resistance to insulin. 

Houssay® has reported that the continued injection of such extracts 
in normal fed dogs leads in a few days to marked hyperglycemia 
and glycosuria. In this he is supported by Evans, Bauman and 
Marine and others. For my own part, up to the present, I have not 
seen either crude or purified anterior pituitary e.xtracts produce 
these effects in normal animals and other workers have reported 
similar negative results. The production of diabetes mellitus in 
normal animals by anterior pituitary injections is only one of the 
many important problems that aivaits future investigation. 

Considerable progress has been made in the fractionation of 
anterior pituitary extracts by Collip and his co-workers.'*' The 
following fractions have been obtained; A, Growth (-f glycosuric 
in suitable preparations) ; B, thyrotropic {+ ketogenic) — repair of 
thyroid in hypophysectomized animals; C, adrenotropic (practically 
free from all others); D, gonadotropic. Other effects of pituitary 
extracts are reported, but so far without extensive purification; 
A, Lactation factor; B, parathyrotropic; C, pancreatotropic— stim- 
ulates islands of Langerhans. 

It is not my purpose to comment on the apparent paradox of 
the presence of this large number of apparently specific hormones 
in an organ that only contains three distinct types of cells. It 
is probable, however, that further work Avill reduce rather than 
increase the number of these hormones as we gain knowledge not 
only of their chemical nature, but also of their exact physiologic 
properties. 

There is, however, one feature of the majority of anterior pituitary 
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hormones that is particularly important. This is the trophic nature 
of their action. By this we mean that in the case of the hormones 
affecting the gonads, thyroid, adrenal cortex, it has been abundantly 
demonstrated that they are without physiologic effect if the gonads, 
tliYToid or adrenals are removed. In other Avords, they produce 
their effects upon the organism by^ stimulating the particular endo- 
crine to pour forth larger amounts of its secretion. Thus the thyno- 
tropic hormone not only causes hyperplasia of the thyroid, but also 
a condition of hj^perthyroidism as a result of the increased amount 
of thyroid secretion that is liberated into the blood stream. Con- 
versely, removal of the anterior pituitary produces a condition largely- 
due to simultaneous hypofunction of nearly all the endocrine organs. 
The dominant control of the anterior pituitary over the other 
glands of internal secretion is probably the most important finding 
in endocrinolog.y in recent .years. 

The Anterior PUtdtary and Pancreatic Diabetes. We have already- 
noted some alterations in the carbohy'drate metabolism of h.ypophy’-- 
sectomized animals. These are: a, the occurrence of hypoglycemia 
on fasting; b, an increased sensitivity- to insulin; c, an abnormal 
disposal of ingested carbohydrate. In addition I have suggested 
to you the concept that in another condition characterized by a 
markedly abnormal carbohydrate metabolism, to Avit, diabetes 
• mellitus, glandular interrelationships may play'^ a part. 

It has remained for Houssay^ and his co-Avorkers to discoA'er the 
beautiful but intricate relationship betAveen the anterior pituitary- 
and the pancreas as is shoAvn by their effects upon carbohydrate 
metabolism. 


About 1927 Houssay and his associates® began the publication 
of a long series of papers concerning the effects of a preAuous hy'pophy^- 
sectomy upon the diabetes following total extirpation' of the 
pancreas. The first experiments Avere carried out upon toads; they 
Avcre however rapidly extended to dogs. The findings m both species 
Avere as folloAvs: 1, after pancreatectomy in an hy-popliysectomized 
muinal the degree of hy'pergl.A-cemia and glycosuria was much dim- 
inished compared AAuth that following pancreatectomy^ in an intact 
animal; 2, the nitrogen excretion and the dextrose-nitrogen ratio in 
the urine A\-ere also decreased; .3, ketonuria Avas markedly reduced 
and diabetic acidosis and coma did not occur; 4, as a consequence 
of these chajjges the animals surAUA^ed for a long period. The dia- 
betes was not entirely obliterated, but was transformed from a 
rapidly fatal condition into one of mild degree. Thus dogs which 
ordinarily only live about 2 weeks after pancreatectomy- sui-AUved 
for 6 months or more if the h.A-pophysis Avere also removed; 5, these 
animals doubly operated upon were e.xtremelv liable to hA-poo-lv- 
cenne episodes, especially if fasted-glucose injections being often 
necessary to save their lives; 6, the carbohydrate tolerance, although 
not normal, Avas often greatly superior to that of the control depan- 



750 


long: glands of internal secretion 


creatized group; 1, marked loss of weight occurred in all those 
doubly operated upon that survived long periods and, in fact, 
these animals ultimately succumbed to inanition. This loss of 
weight is in part to be attributed to the absence of the external 
panereatic secretion and partly to the mild diabetic state that 
persists; 8, removal of the thyroid before pancreatectomy did not 
alleviate the diabetes. 

In the first experiments upon toads, Houssay® was able to show 
that implantation of the anterior lobe of the pituitary brought 
about a return of the diabetes to its usual severity. Similar experi- 
ments in dogs were at first unsuccessful; but in more recent work 
with alkalin extracts of bovine anterior pituitaries, Houssay was 
able to exaggerate markedly the diabetic state of his doubly oper- 
ated dogs, as evidenced by the increased excretion of glucose and 
acetone bodies. 

These remarkable results have been confirmed by several workers 
upon the dog, while Lukens and I*® have shown that an equally 
large amelioration is observed in the severe diabetes that occurs in 
cats following pancreatectomy. 

It will also be realized that these findings point to a participation 
of the anterior pituitary gland in the metabolic disturbances fol- 
lowing pancreatectomy. In other words the “overproduction 
hypothesis” of diabetes mellitus receives some confirmation. Too 
much credit should not be given to the original exponents of this 
view, since; o, it is the anterior pituitary and not the adrenal and 
thyroid that are antagonistic to the pancreas; h, as we shall see, 
carbohydrate utilization is not greatly improved by hypophysectomy 
and c, there is still no decisive evidence that fatty acids can form 
glucose. 

During the last 2 years Dr. Lukens and I have been carrying 
out experiments upon the mechanisms by which hypophysectomy 
produces its effects upon an experimental diabetes. 

It has been our opinion that the best method to employ would 
be to stud.y one species of animal and by the use of a sufficient 
number determine what was the usual response to a total pancreatec- 
tomy. We have also made observations upon a number of factors 
involved in the diabetic syndrome, that is, upon a, survival, b, degree 
of hyperglycemia and glycosuria under fasting and fed conditions, 
c, development and degree of ketonuria, d, clinical course and mode 
of death. In this manner we arrive at a standard against which 
the effects of any procedure upon experimental diabetes can be 
judged. 

We have received ample confirmation that hypophysectomy not 
only increases the survival of depancreatized cats, but also results 
in a markedly lower glucose, nitrogen and ketone excretion under 
fasting conditions. Since acidosis and ketosis do not occur in such 
animals the increased survival must be largely due to the removal 
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of factors that normally precipitate them. It should be emphasized 
that the diabetic state is not completely remedied by hypophysec- 
tomy. In the cat particularly it is merely transformed from one 
of great severity accompanied by intense ketonuria to one of mud 

degree without ketonuria. 

As we have abeady mentioned, the final stages of tatty acid 
metabolism are held to be intimately coupled with the oxidation 
of a certain proportion of glucose. Furthermore, another appar- 
ently well grounded hypothesis is that in the absence of insulin 
glucose oxidation is virtually absent. 

In the case of the hypophysectomized and depancreatized animal 
two questions arise, either of which challenges one or the other of 
the above concepts. A, Is the disappearance of ketonuria due to 
the resumption of sufficient carbohydrate utilization to complete 
these final stages of fatty acid metabolism; or B, in the absence of 
the hypophysis is the metabolism of fatty acids completed even 
though the amount of carbohydrate oxidation is not altered? 

If the removal of the hypophysis allows the amount of carbohy- 
drate oxidation to increase, then the view that the sole defect in 
diabetes mellitus is failure of carbohydrate oxidation is placed in 
jeopardy. On the other hand, if carbohydrate oxidation is not 
improved by hypophysectomy then the view of the necessity of the 
coupling of this process with acetone bodj' utilization is one that 
applies only rmder a definite set of conditions. 

We have therefore carried out a number of experiments to deter- 
mine to what extent carbohydrate - utilization is improved by 
hypophysectomy. 

In the first group we gave 3 gm. of glucose intraperitoneally to 
hypophysectomized-depancreatized cats and foimd that this was 
followed by a typically diabetic response of the blood sugar.* 

In the next experiments we placed the animals on a constant diet 
and after a suitable fore period added 6 gm. of glucose to the diet. 
The recovery of the added glucose was quantitative, exactly as it 
is in the totally depancreatized animal. 

Finally we placed the animals on a protein-fat diet and deter- 
mined the glucose and nitrogen excretion. From the urine nitrogen 
excretion it is possible to calculate what the glucose excretion should 
be if 45% of the protein is converted into this carbohjffiratA This 
proportion is taken since the glucose-nitrogen ratio of the totally 
depancreatized cat is 2.8 to 1. The difference between the calcu- 
lated amount of glucose and that actually found should represent 
the glucose, derived from protein that is retained in the body. 
Although we found that this is often a considerable part of the 


observed that when these animals ' are exhibiting hypoglycemia 
tolerance curves may be obtained. More extensive investigations 
of the respiratory metabolism under these conditions are indicated. 
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glucose derived from the metabolized protein, yet in realitj- it only 
amounts to about 1 to 2 gm. per kilo a day. 

The most important test is the change in the respiratory quotient 
when glucose is given. So far we have not carried this out in our 
cats, but Houssay” has made some determinations upon his dogs. 
Although he concludes that there is a significant increase in the 
respiratory quotient, many of us would hesitate to draw conclusions 
from the small changes he reports in the majority of animals. Fur- 
thermore, with one exception, typical diabetic blood sugar curves 
were found to follow the ingestion of glucose. 

I think it is best that for the present we assume that hypophysec- 
tomy does not produce any major alteration in the utilization of 
carbohydrate. In other words, the defect produced in carbohydrate 
utilization, by the depri^"ation of insulin is not restored by with- 
drawal of the hypophyseal hormones. 

^Miat then is the nature of the alteration produced in the dia- 
betic metabolism? It is at least twofold, /i. The absence of severe 
ketonuria, as we ha^'e alread\' noted, implies that either acetone 
bodies are not produced in their usual large quantities or else their 
complete utilization is restored. Experiments to decide between 
these alternatives have not yet been done. B, the markedly 
decreased urinary glucose and nitrogen excretion indicates that the 
usual increased formation of glucqse from protein (gluconeogenesis) 
that occurs when the pancreas is removed is much reduced. 

Are the Other Endocrine Glands Involved in the Diabetogenic Action 
of the Anterior Pitnitary Hormones? We have already pointed out- 
that in a large number of instances the anterior pituitary hormones 
exert their effect by a trophic control of the secretion of another 
endocrine gland. Is this so in the case of the diabetogenic activity 
of the anterior pituitary? Before proceeding it would be as well 
to define what we mean by diabetogenic activity. I have chosen 
to speak of it here as the capacity of anterior pituitary extracts to 
increase the glucose, nitrogen and acetone body excretion of a 
hypophysectomized-depancreatized animal. 

If the diabetogenic activity is a trophic one, over what glands of 
internal secretion is this effect e.xerted? 

There are at least three possibilities. A , The thyroid. Houssay®- * 
has shown that pancreatic or phloridzin diabetes appears to its full 
extent in thyroidectoinized animals. It has, however, been claimed 
that thyroidectomized rats do not develop ketonuria when injected 
with anterior pituitary extracts. Further work is indicated upon 
the possibility that the thyroid may be participating in these 
phenomena. B, The adrenal medulla. The discovery of the 
glycosuric action of epinephrin by Blum in 1891, followed by the 
views of Falta, Eppinger and Rudinger that the adrenal medulla 
participated in the pathogenesis of diabetes mellitus focussed atten- 
tion upon epinephrin as a diabetogenic hormone. All work to date ' 
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refutes this view. It is furthermore unlikely that the anterior 
pituitary produces its effects by stimulation of this organ since the 
adrenal medulla is not involved in the general glandular atrophy 
following hypophysectomy. Other reasons fbr excluding this organ 

will be given below. ^ ... 

The only remaining endocrine gland to which some participation 
in metabolism has been assigned is, C, the adrenal cortex. The work 
of Lukens and myself indicates that if the diabetogenic effect of 
the anterior pituitary is a trophic one, then this trophic effect is 
probably mediated by the adrenal cortex.* 

The Efecis of Adrenalectomy Uyon Pancreatic Diabetes. We have 
successfully prepared a number of totally adrenalectomized-depan- 
creatized cats that have survived for 2 to 4 weeks.^^ These animals 
exliibit an amelioration of the diabetes comparable to tliat observed 
in the hypophysectomized-depancreatized group. We have also 
prepared a series of animals from Avhich only the adrenal medullse 
were removed, and at a later date the pancreas. Such animals do 
not show any amelioration of the diabetic state, thus conclusively 
demonstrating that it is the removal of the cortex of the gland 
that is responsible for the effeets of adrenalectomy upon experi- 
mental diabetes in the cat. 

IWiile it is possible that both hypophysectomy and adrenalectomy 
ameliorate a diabetes by alterations of the metabolism at different 
points, this is thought to be unlikely. The fact that adrenalectomy 
and hypophysectomy are of equal efficiency in this respect together 
with the marked atrophy of the adrenal cortex following hypophy- 
sectomy strongly suggest that excision of either of these endo- 
crines is producing its effect on diabetes by alteration of the same- 
phases of metabolism. As a consequence it may be argued that 
hypophysectomy produces its effects upon experimental diabetes 
by reason of the accompanying hypofunction of the adrenal cortex. 
By analogy with the relationship between the hypophysis and the 
thyroid extracts of the anterior pituitary capable of increasing the 
severity of the diabetes in hypophysectomized-depancreatized cats 
should have but little effect in the adrenalectomized-depancreatized 
animals. 

To_ test this hypothesis we have taken 9 animals of each type 
and injected them with a potent anterior pituitary, extract. ' Of 
the_9 hypophysectomized-depancreatized cats, 4 relapsed into dia- 
betic acidosis and coma and died following the injection. Four 
others exhibited a markedly increased ketonuria, but recovered. 


In connection ynth this question Houssay and his co-workers'’ have stated that 
removal of the adrenals, thyroid, gonads or the gastro-ihtestinal tract does not 
prevent the hyperglycemic action of anterior pituitarj-- extracts in the toad These 
workers found m this animal that the presence of the liver was necessary. In the 
dog denervation of the adrenals or thyroidectomy likewise did not prevent the 

fimS completely 
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One animal tested a few days before death from inanition did not 
respond. 

By contrast, of the 9 adrenalectomized-depancreatized cats 
receiving the extract, S did not show an.y alteration in the diabetic 
condition, the other had an increased ketonuria but was proved 
to possess an accessory cortical body at autopsy. 

The effect of the anterior pituitary extract upon gl;\'cosuria was 
not as striking in our hypophysectoraized-depancreatized cats as 
was its effect upon ketonuria. Nevertheless a definite increase in 
glucose excretion occurred in about one-half the animals, wliile no 
comparable alterations were observed in the adrenalectomized group. 

Although this result would.appear to establish the trophic nature 
of at least the ketogenic principle of anterior pituitary extracts, 
yet there is one factor present in the adrenalectomized-depancrea- 
tized cats that calls for further consideration. This is: to what 
extent is this group of animals suffering from a deficiency of the 
hormone of the adrenal cortex tliat we know exercises a marked 
influence over the sodium and water balance of the body? 

We have attempted to control this factor in two ways. A, All 
the animals in which the adrenal and pancreatic tissue was excised 
at the same time have received daily, injections of extracts containing 
the above cortical hormone. It is true that some of our first prep- 
arations received what we now know to be inadequate amounts, 
but neN^ertheless they all received some, and we have not observed 
any striking difference except in period of survival between tlie 
diabetes of the inadequately and adequately treated animals. 
B, In another series of 4 animals, the adrenals were first removed 
• and the cats were maintained in good health for periods of from 
7 to 28 days before pancreatectomy. The ensuing diabetes of this 
group in no way differed from that of the former, and neither was 
the severity of the diabetes increased by doubling the daily injection 
of cortical extract or by the injection of anterior pituitary extract. 

These experiments cast doubt upon the possibility that the 
amelioration of an experimental diabetes is due to a deficiency of 
the cortical hormone concerned with water and salt metabolism- 
Taken in conjunction with the experiments of Harrop et al. Avhich 
demonstrated the development of a severe hypoglycemia during 
fasting in adrenalectomized dogs maintained with cortical extract, 
they strongly suggest that the defect in carbohydrate metabolism 
produced by adrenalectomy is due to the absence of some other 
substance normally present m tlie adrenal cortex. As further evi- 
dence for tins point of view it may be pointed out that injection 
of the salt and water controlling hormone of the adrenal cortex into 
hypophysectomized animals does not alleviate their disturbed car- 
bohydrate metabolism. Finall}'', hjqiophysectomized animals do 
not exliibit cortical insufficiency due to sodium loss, yet nevertheless 
show a striking alteration in their response to pancreatectomy. 
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If this view is correct, then the adrenal cortex may contain at 
least two hormones: a, one, alreadj'’ described, that appeals to 
control specifically the sodium (and water) metabolism and, b, this 
at present hypothetical entity whose function is particularly con- 
cerned with the production of glucose from protein and possibly 
of certain aspects of the metabolism of fatty acids. It^ should be 
clearly understood that the existence of a second principle in the 
adrenal cortex is so far only a matter of inference, since no one has 
as yet demonstrated the ability of adrenal cortical extracts to 
reestablish the fully diabetic condition in adrenalectomized-depan- 
creatized animals. Until such time as this is accomplished it is 
important to remember that the possibility still exists that adrenal- 
ectomy may produce its effect upon pancreatic diabetes by altering 
the normal secretory activity of the anterior pituitar^L 

Other Effects of .Adrenalectomy Upon Carbohydrate Metabolism. 
The evidence for the participation of the adrenal cortex in carbo- 
hydrate metabolism is not entirely based upon the effects of the 
removal of the adrenal glands upon experimental diabetes. 

As I have mentioned before, hypophysectomized and adrenalec- 
tomized animals develop severe hypoglycemia when fasted. In this 
condition the blood sugar level has to be maintained by the con- 
version of protein into glucose. It is also significant that such 
animals have a decreased nitrogen excretion under these conditions. 

Since the work of von Mering, it has been knovTi that the injec- 
tion of the glucosid phloridzin into animals either fasted or on a 
protein diet caused marked glycosuria, elevated nitrogen excretion 
and ketonuria. The urinary glucose-nitrogen ratio becomes con- 
stant, which has been interpreted to indicate that all the glucose 
derived from protein has been excreted. The mechanism by which 
phloridzin produces this condition is probablj^ by altering' the per- 
meability of the. renal tubules to glucose so that the organism is 
unable to retain this substance. As a consequence, both protein 
and fat metabolism are stimulated. 

The difference of opinion as to the manner in which these increases 
are brought about have been the subject of the same controversy 
as has existed in the explanation of the effects of total pancre- 
atectomy. 

Since phloridzin and pancreatic diabetes present to a large extent 
the same perversions of metabolism, it is not surprising to find that 
both hypophysectomy and adrenalectomy markedly alter the 
response of animals to the injection of this glucosid. Thus Houssay 
and Rietti^ have shown this to be so in hypophysectomized dogs 
and Dr .Gerald Evans,i'* in my department, has shown it for adren- 
alectomized rats. In both instances it has been observed that the 
degree of gljmosuria, nitrogen excretion and ketonm-ia is much 
smaller than is found in normal animals. 

There is one other condition in which the formation of carbohy- 
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drate from non-carbohydrate sources lias been demonstrated. Tliis 
was also discovered by Dr. Evans.'" If rats are fasted for 48 hours 
their liver glycogen is reduced to a low level (0.3%). On the other 
hand, if after a preliminar.y fast of 24 hours in air, they are then 
placed for a- further 24 hours in an atmosphere of 10.5% oxygen 
the liver glycogen is greatly increased (up to 1.5 gm. %). This 
increase in liver glycogen is not derived from the muscle glycogen, 
since this is also slightl}'- increased, and is accompanied by an 
increased excretion of nitrogen, indicating that this newly formed 
carbohydrate had its source from protein. Hats from which all 
adrenal medullary tissue has been removed show the same changes 
but not if they have been hypophysectomized or adrenalectomized. 

We have seen then that four procedures by which glucose forma- 
tion from protein is stimulated, to wit, pancreatectomy, fasting, 
phloridzination and exjiosure to low oxygen tensions, are relatively 
ineffective in the absence of either the hypophysis or the adrenal 
cortex.- 

Glandular Relationships. Cushing has said, “Endocrinology 
lends Itself to two glaring faults, one the popularization bf writing 
on tlie subject, and the other a tendency of clinical observers to 
draw upon their fancy in a symptomatology which does not lend 
itself to precision.” 

Knowledge -of glandular interrelationships is best gained by first 
acquiring exact information of the plij-siologic and biochemical 
changes produced in the organism by hypofunction or hyperfunc- 
tion of the indi^’'idual endocrine organs. Secondly, these effects 
should be placed on a quantitative basis where^'er ibis is possible. 
In the case of several of the internal secretions this laiowledge is at 
present not available. Finally, the treatment of glandular disorders 
only becomes possible when the various hormones have been 
obtained in a relatively pure form and their dosage accurately 
determined and standardized. 

The multiplicity of hypothetical pluriglandular syndromes that 
have been described, together with the irrational and unphysiologic 
methods of treatment by pluriglandular prescriptions, has for many 
years served to discredit a branch of medicine of which none holds 
greater promise for future advancement. 

The time has now arrived when, chiefly by the efforts of physi- 
ologists and biochemists, clinical endocrinologists are beginning to 
cope with the problems of glandular dysfunction in a rational 
manner. 

The excision of an endocrine gland or the injection of large amounts 
of its hormone gives us a fairly adequate picture of the condition 
produced by a hypo- or hyperfunction of this particular organ. 
The effects of hormonal deficiency or excess are complicated by 
the possibility that these effects are not confined to one particular 
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endocrine organ, but induce correspondiiig and simultaneous alter- 
ations in the activity of the other endocrines. 

From what I havo said this is particularly so in the case of the 
anterior pituitary. The extirpation of this organ or the continued 
injection of its extracts is followed not only by marked anatomic 
changes in the other endocrines, but equally great functional 
alterations. “All pituitary syndromes are essentially polygland- 
ular” (Cushing). 

In the case of the anterior pituitary the concept of functional 
interglandular relationship is fully exemplified, but it should be 
reiterated that the control of the anterior pituitary is essentially 
a trophic one and its hormones (with perhaps one or two exceptions) 
do not directly bring about any physiologic alteration in the 
organism. 

Conversely, gonadectomy, thyroidectomy or adrenalectomy are 
followed by structural changes in the anterior pituitary. If these 
anatomic changes are shown to be accompanied by corresponding 
deviations in physiologic activity then we are confronted by the 
possibility that alterations in the degree of activity of any endo- 
crine may, through affecting the anterior pituitary, bring about a 
generalized polyglandular derangement. 

We have now to ask ourselves whether these endocrines whose 
secretions directly alter the bodily functions ever exliibit inter- 
relationships comparable in any way to those manifested by the 
pituitary. As you are aware, a large number of such relationships 
between pairs of endocrine glands have been postulated on clinical 
grounds and in some cases with good experimental background. 

In analyzing these types of relationships tivo possibilities present 
themselves. A, The hypo- or hyperfunction of a particular hormone 
may so alter the metabolic background of the organism that the 
secretions of other endocrines produce an abnormal effect. This 
is particuarly well exemplified liy the response of the blood sugar 
to insulin or epinephrin in hyperthyroid states. This response may 
not only be greatly magnified, but may even be reversed, depending 
upon the degree of carbohydrate depletion that has resulted from 
the hyperthyroidism. Under these conditions we cannot assume 
that hyperthyroidism has induced alterations in pancreatic or 
adrenal medullary function, indeed, there is no evidence that this 
ever occurs. B, The dysfunction of one endocrine organ brings 
about changes in the secretory activity of one or more other endo- 
crines. We have already discussed the anterior pituitary relation- 
ships of this type but have still to consider interrelationships of 
this kind among the other internal secretory glands. 

It is probably fairest to state that such relationships do exist, 
but that the evidence advanced for them is in many instances 
e^remely meager. Consequently, it is not profitable at "the present 
time to attempt to analyze the large number of these supposed 
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interrelationships. The question of tlieir authenticity will have to 
await the work of future years. 

I have repeatedly emphasized the dominant role of the anterior 
pituitary. So extensive is its influence over the epdocrine system 
that no tjTpe of glandular interrelationship of the above type can 
be established without a most scrupulous examination of the 
possibility that this supposed interrelationship is not in reality 
linked through the anterior pituitary. 

There is still one aspect of hormonal action that should be 
touched upon. This is the recent concept of Collip’® of the existence 
of “anti-hormones.” These substances ha^'e up to the present 
been demonstrated in the case of the growth, gonad, thyroid and 
ketogenic principles of the anterior pituitary. No anti-hormone 
has so far been demonstrated for an “effector” hormone such as 
insulin, estrin or parathyroid, and Collip is of the present opinion 
that anti-hormones are confined to the trophic hormones. 

Collip has also introduced the idea that the effectiveness of a 
trophic hormone is determined by the ratio between its concen- 
tration and that of its corresponding anti-hormone. Thus, if the 
normal effective stimulus to the thyroid is a 2 to 1 ratio between 
the thyrotropic and antithyrotropic hormones a hyperactive thy- 
roid might be produced by an increase in the amouiit of thyrotropic 
substance or by a decrease in the amount of antithyrotropic hor-' 
mone. If this principle is a correct one, it greatly adds to the 
possibility of the occurrrence of smaller changes in endocrine func- 
tion in contrast to the gross changes that must follow complete 
removal of an organ of internal secretion. 
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STUDIES IN DIABETES MELLITUS. 

IV. Etiology. Part 1.* 

By Elliott P. Joslin, M.D., 

CLINICAL PROFESSOR OF MEDICINE, HARVARD MEDICAL SCHOOL; MEDICAL DIRECTOR OF 
THE GEORGE F. BAKER CLINIC, NEW ENGLAND DEACONESS HOSPITAL, 

BOSTON, MASS., 

Louis I. Dublin, Ph.D., 

THIRD VICE PRESIDENT AND STATISTICIAN, METROPOLITAN LIFE INSURANCE COMPANY, 

AND 

Herbert H. Marks, 

NEW YORK CITY. 

(From The George F. Baker Clinic, New England Deaconess Hospital, and the 
Statistical Bureau, Metropolitan Life Insurance Company.) 

• The first three papers^ presented the main outlines of the changing 
picture in diabetes throughout the world. Attention is now 
directed to the diabetic patient, in particular to the group treated 
by Joslin and his associates at Boston. This diabetic group is 
unique and valuable because (1) going back as it does to the 
year 1897, it covers the several periods in which important advances 
have been made in the knowledge and treatment of diabetes; (2) it 
is an experience under the observation of a single individual over a 
period of 35 years; (3) periodic contact has been maintained with 
practically all these patients; and (4) the size of the group permits 
numerical analj^ses which for many items are statistically significant. 

After a general description of the group, the major part of the 
paper relates to the facts on etiology of the disease in this group 
of patients with emphasis largely on those elements which lend 
themselves to statistical representation. 

General Features of the Group Studied. We believe that this 
group is a fairly representative cross-section of the diabetic popu- 
lation. It has been recruited chiefly from the middle classes, with 
others about equally divided between private-room and free patients 
although each individual in it was treated as a private patient! 

* Part 2 will appear in the July issue of this journal. 
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Both sexes and all ages were represented, but the number of children 
is relatively large, because of the senior author’s interest in diabetic 
children. The proportion of males, too, is relatively high, but not. 
to a degree sufficient to bias the experience or the results based 
thereon. In this regard, it is, in fact, more representative than 
most reported clinical ex-periences. 

Intensive stud}’ has been made of 6357 patients who were 
discharged from Dr. Joslin’s service during the years 1897 to 1928, 
and in addition 463 diabetic children treated in the period 1929 to 
1934, inclusi^'e. For much of this ^time Drs. Root, White and 
Marble have been concerned in their study and care. The records 
of adult patients seen since 1928 also have been used in some 
instances. The numlicr quoted includes only those patients who 
were diagnosed as diabetic according to the best current standards. 
At the beginning, the diagnosis was based upon a definite gl}'cosuria 
and the typical S}'inptoms of diabetes, loss of weight and strength, 
polydipsia, polyuria, poh-phagia and pruritus. About 1915, when 
the series had reached 1000 cases, the level of the blood sugar was 
added to the diagnostic measures and many earlier cases eliminated. 
As knowledge of its normal and abnormal variations became known, 
the blood sugar became of increasing importance in the diagnosis 
and, in 1927, the entire series was reclassified. 

The criteria for the diagnosis of diabetes in recent years have been 
a venous blood sugar of 0.14 mg.% or more fasting and 0.17 mg.% 
or more after a meal, with a simultaneous glj’cosuria definitely 
related to diet. A large number of referred cases who were not 
diabetic according to the criteria used are e.xcluded from this study. 
The.v will be the subject of a later paper. 

The group studied includes all the diabetic patients seen during 
these years, namely, in the hospital (chiefl}' the New England 
Deaconess Hospital and recently at its George F. Baker Clinic), 
at the office and in consultation. The two latter groups, many 
of whom were seen only once or twice, are fairly large. Despite 
this, periodic contact has been kept up with all of them either 
through their phj’sicians or by direct communication. Thus, of 
the 6357 patients discharged up to' the end of 1928, the condition 
of 6321 (99.4%) was known as of the anniversary date of discharge 
in 1929. Again, of the 2397 diabetics treated prior to the begin- 
ning of insulin treatment in 1922 and traced as of January 1, 1934, 
information was obtained on 2373 (99%). Thus, even of this 
group who were seen originally from 12 to 35 years ago, only 24 
(1 %) were untraced. 

Record Card. The record card used in the anal.ysis of this experi- 
ence is reproduced on p. 761 . On it were abstracted from the senior 
author’s records the data pertinent to this study: (1) Essential 
items of description; (2) family history of diabetes; (3) facts relating 
to the onset; (4) significant items in the personal history; (5) clinical 
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findings on examination; (6) summary of treatment on first admis- 
sion; (7) follow-up history after discharge. 

It Mill be noted that the name of the patient is not abstracted 
on the record card. The follow-up section of the card permits 
entries for periodic observations. 

Residence. The very great majority of these patients resided in 
the northeastern section of this country; 85% lived in New England, 
67% in Massachusetts, 41% in the Boston Metropolitan District 
and 14% in Boston itself. Of the 15% who lived outside New 
England, nearly half came from the three nearby states, New York, 
New Jersey and Pennsylvania. A negligible proportion came from 
other parts of the country, and of the few foreign patients, most of 
them were from the Canadian provinces bordering on New England. 
This is particularly true in the case of women. The concentration 
of so large a number of patients within a relatively small geographic 
area is, in some measure, an indication tliat this practice gives a 
good cross-section of the several social and economic classes, but we 
shall see tliis more fully later. 

Kationality of Patients. The patients were predominantly of 
native birth; practically all of the children were American born. 
Of the adults for whom these facts were recorded, 65,9% of the 
men and 59.1% of the women were native born. This figure 
excludes, however, a small percentage of Jewish patients of native 
birth. Jevish patients who have been classified together regardless 
of their country of origin, form the second largest group, namely, 
14.2% of the men and 18.9% of the women. The proportion of 
Jewish cases was far in excess of their proportion in the population 
of this area (about 8%).- The only other nationalities represented 
by considerable numbers were Canadians, Irish and English. 

The percentage recorded as native born was lower in the later 
years of this experience than in the earlier years. The increase in 
the other nationalities was not concentrated in any single racial 
or national group. The only one to show an important change 
was the Italian. The percentage of Jewish cases among male 
patients increased somewhat, but this did not hold for females. 
The decline in the percentage of native born and the corresponding 
increase in other nationalities was due, in large measure, to changes 
in tbe population from which our material was drawn, and reflects 
the great wave of immigration in the three decades prior to 1914. 
The new immigrants have only recently attained, in large numbers, 
the ages at which diabetes is prevalent. 

Occupation. Another feature which stamps the experience as 
fairly representative is the occupations of the men. As might be 
expected, these patients include a rather large proportion of pro- 
prietors, officials and managers, and members of the professions, 
particularly physicians. But there is a goodly representation of 
the common occupations, as, for example, the budding trades and 
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other skilled workers, viz., tailors and printers, clerks, policemen, 
factory workers, store clerks and salesmen. . 

.Table 1. — Nationality' or Race of a ‘Group of Abult Diabetics. Per Cent 
OF Each Nationality or Race to Total of Known Origin. By* Sex and 
Calendar Year Periods. Experience of E. P. Joslin, 1897-1928. 





Males. 




Females. 


Nationality or race. 

1897- 

192S. 

1897- 

1914. 

1915- 

1919. 

1920- 

1924. 

1925- 

1928. 

1897- 

1928. 

1897- 

1914. 

1915- 

1919. 

1920- 

1924. 

1925- 

1£28. 

American (white) . 

65.9 

77.0 

70.9 

66.5 

61.3 

59.1 

69.8 

61.5 

60.4 

56.7 

Canadian .... 

5.7 

1.1 

6.6 

3.3 

8.2 

5.2 

1 .5 

5.3 

4.4 

6.3 

Jewish “ 

14.2 

12.2 

11.6 

14.7 

15.2 

18.9 

IS. 8 

19.2 

20.3 

17.7 

English 

2.6 

2.2 

2.4 

2.7 

2.7 

2.2 


1.1 

1.3 

3.3 

Irish 

3.0 

3.9 

1.9 

3.3 

3.1 

5.1 

6.0 

3.2 

5.1 

5.4 

German and Austrian . 

0.5 


0.5 

0.5 

0.5 

1.1 

0.8 

1.1 

0.8 

1.3 

Scandinavian 

i.i 

0.5 

0.5 

1.2 

1.3 

0.8 

... 

0.4 

0.8 

1.0 

Scotch 

1.0 


0.8 

1.7 

0.7 

1.1 

0.8 

0.7 

0.9 

1.4 

Italian 

1.7 

0.5 

1.1 

1.3 

2.6 

2.1 


1.8 

1.8 

2.7 

Russian, Polish and 
Lithuanian ... 

0.6 



0.2 

1.3 

0.6 


0.5 

0.9 

Colored 

0.2 

0.5 


... 

0.5 

0.4 

0.8 


0.3 

0.5 

Others 

3.5 

2.1 

3.7 

4.6 

2.6 

3.4 

1.5 

5.7 

3.4 

2.8 

Number of cases: 

Total 

2,779 

382 

400 

906 

1,091 

2,914 

263 

304 

1,032 

1,315 

Known nationality . 

2,411 

182 

378 

837 

1,014 

2,617 

133 

281 

'965 

1,23S 


Of 2304 patients whose occupation was definitely knovm, 18.6% 
were foremen, mechanics, operatives or laborers in manufacturing 
industries. Owners and managers in these industries constituted 
6.5% of the total. Retail merchants were numerous, 12% of the 
total; hut this is not surprising in view of the large number of 
Jeuash patients. The other large groups of' the proprietor class 
consisted of those in finance and wholesale trades, 7.2%, and 
farmers, 4.8 %. Other sizeable groups in the working class included 
chauffeurs and teamsters (1.5%), employees of steam and street 
railroads (1.7 %), store clerks and delivery men (5.6%), clerks (4.3%), 
government employees (2.8%) and domestic and personal service 
workers (2.4%). The proportion engaged in professional and semi- 
professional pursuits was large. On the basis of the total with 
known occupations, the proportion was 21.8%. Naturally, in an 
experience of this type the number of physicians arid surgeons was 
large, 6.9%. They constitute an important group, (1) because on 
the whole they follow treatment more carefully, and (2) because 
end results of treatment can be obtained very readily. The authors 
peheiD that next to children this group is the one most worthy of 
investigation. Important aspects regarding diabetic physicians in 
tins series will be presented in the course of later papers. 

Reason for Initial Examination for Diabetes. Most of these 
patients were first examined for diabetes because of the develop- 
KiBiit o s\ mptoms of the disease. A large number^ liowever were 
diagnosed, while still symptomless, as a result of examination for 
Ine insurance. Of the adult patients first seen between 1897 and 
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1928, 426 were discoA'ered in this manner. Among men, these 
insurance cases account for 12,6% of the total and among women, 
1 %. If we consider only what may be termed the insurable ages, 
20 to 64 years, the percentages are 15.9 and 1.3, respectively. 
Among men, at ages 35 to 44, no less than 21.3% were so discovered. 
The actual number of patients discovered as a result of an insurance 
examination has steadily increased, although the proportion of such 
cases to the total was highest between 1920 and 1924. Of those 
cases referred for diagnosis, but found to be not diabetic, insurance 
cases form an even larger proportion, namely, 25.3% of the men 
and 3.1% of the women. Approximately two-thirds of those 
referred for diagnosis because of glycosuria on insurance examination 
were found to be diabetic. 


Table 2. — Discovery of Diabetes bv Insurance Examination. Per Cent 
OF Cases. By Age, Sex and Calendar Year Periods. Experie.nce 
OF E. P. JosLiN, 1.S97-192S. 


Ago at o-xanunation. 



Males. 


1 

Females. 

1807-1928. 

1897-1914. 

1915-1919.1 

1920-1924 

1925-1928.^ 

1 

1S97-192S. 

All ages .... 

12.0 

7.0 

12.0 ; 

14.7 

13.0 ; 

1.0 

20-64 .... 

15.9 

S 3 

14 S j 

18.7 

16 8 i 

1.3 

Under 20 . 

0 0 

• 


0 8 

0.8 

• • 

20-24 . . 

12.7 

12 5 

9.7 ' 

1.2 8 

13 1 . 

2.S 

25-44 . . 

21 .2 

6.3 

20.0 1 

28.9 

21 4 

2.4 

45-54 

19 1 

9 1 

17 7 

22 0 

20 8 

0.8 

55-64 . 

11 9 

6.5 

10.5 1 

12 9 

1.2 .2 

0 S 

65 and over . 

4 .2 

4 4 

o 5 i 

} 

4 0 

4.2 

0 4 

Number of cases 

.2,124 

42S 

449 i 

1,0.24 

1,213 

3,233 


These insurance cases are important for two reasons; (1) they 
tend to be recently de\'eloped cases and, consequently, relatively 
free from complications; (2) the percentage of these cases is 
highest in adult and middle life, where the disease, if untreated, 
tends to be somewhat se^^erer than cases in later life. Early diag- 
nosis is, consequently, of vital importance in these cases. Thus, 
of the adult male insurance cases, 70.6% were between ages 20 and 
54 when diagnosed, but only 49.4% of all cases were in this age 
group. We shall show later the value of early diagnosis of these 
cases when we compai*e the mortality among them with that in 
other cases. The large proportion of these cases discovered early 
by insurance undoubtedly influenced the results of treatment in 
this practice. 

The Etiology of Diabetes. Viewpoint and Method of Analysis. The 
factors which have been suggested as entering into the etiology of 
diabetes are many: heredity, obesity, arteriosclerosis, gall-bladder 
disease, nervous strain, pituitary disease, thyroid disease and other 
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conditions. It has been suggested even that there are several 
types of diabetes; that the diabetes of childhood, of middle life and 
old age are distinct entities. It is the belief of the authors, however, 
that there is an essential unity in diabetes and that this unifying 
' factor is heredity. The other factors are essentially of the nature 
of excitants of the disease. Heredity determines the susceptible 
individuals, but since the disease is rarely, if ever, present at birth, 
it is reasonable to postulate at least one or more other factors which 
act to bring out the inherited predisposition. On this basis, the . 
essential difference between the diabetes of the several ages of life 
may reflect only the typical age incidence of the various excitants. 

Some of the factors, moreover, seem more and more to be linked. 
The nature of this relationship reflects the newer concept of diabetes 
as invohdng not only the islands of Langerhans, but other organs, 
if not the whole endocrine system of the body. Without destroying 
the validity of this view of heredity as the unifying factor, however, 
it is possible that isolated cases may have no hereditary backgroimd, 
such, for example, as might be the diabetes resulting from hemo- 
chromatosis, although the heredity is unusually strong in this group. 
Perhaps it is only the hereditarily predisposed hemochromatosis 
patient who develops diabetes. 

This theory of the unity of diabetes is in our opinion correct, but 
in the present state of our knowledge, not fully demonstrable. Cer- 
tainly all of the elements which contribute to the proof cannot come 
out of a purely clinical exiierience. Much of it depends upon work 
in several scientific fields, especially in experimental biology, path- 
ology and biochemistry. While much has been or is being done, 

- the fundamental researches are far from complete. Within the 
limitations described, the present paper seeks to show what light 
can be thrown on the problem by this clinical experience, supple- 
mented by the results of investigations in the other related fields. 
Our approach to the problem is through an analysis of the consti- 
tutional factors and medical history of the diabetic patient at the 
onset of the disease. The discussion of heredity is deferred to the 
next paper because it cannot be treated adequately as part of the 
present one. 


Physical Characteristics at Onset. Sex. The first important and 
striking feature in the makeup of diabetic patients is the peculiar 
sexjncidence of the disease. Of the 9S53 patients seen between 
1897 and 1933, 4639 were males and 5214 females. The females 
thus outnumbered^ the males by 1 2.4%. There has been a consider- 
able change in this respect as time has progressed. In the early 
years of this experience there was a marked excess of males, and 
even up to 1^2 the number of male patients was somewhat greater 
than that of females. Since that date the number of female patients 
has been larger and the disparity is definitely increasing. Thus 
or the years 1925 to 1928 there were 20% more females than 
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males, but in 1929 to 19:19. As com]iarerI witli the sex 

incidence in diabetes mortality, the proportion of females in this 
experience, even in recent years, is low. I* or, tlie death rate from 
diabetes, as we have seen, is or nunc hi^lier for females than 
for males, both in the country as a whole, and in Massachusetts. 
Such differences in the proporrions of males and females, however, 
are common in clinical cx[i(Tieiiccs (Table :i). The preponderance 
of male diabetics in older and even in some recent clinical experiences 
is probably due to the greater frei|ncncy with which men seek expert 
medical care. In this })articular scries it is t<j some extent due also 
to the interest of the senior author in younger patients where there 
is little difference bctweiMi flu' sexes in the incidence of diabetes. 

Table 3.— Rex Ixcidente <>i IJmhlieh in- UneaxT Ommcai. ExrEniEXCES. 



Xurnher of patients. 

Males, I'minlcs. 

J Pomiilcs per 

1 100 iiiiik’S. 

1 

i 

Joslin (Boston)— 

1 ,039 

5,21*1 

1 

; 112.4 

1929- io;« 

1,515 

l.OSl 

j 1.30.8 

1926-192S 

l,2i:i 

1,4,56 

; 120.0 

1920-1924 

1 ,0.34 

1,12s 

1 109.1 

1915-1919 

. < 449 

.350 

) 7.8.0 

I<S9r-1914 

42S 

299 

1 69.9 

BaraclC (Pittsburgh) — 1925 19 

264 

.321 

i 121.0 

Cammidge^ (London) — 19.11'' 

.)9S 

402 

: 07.2 

Gotten® (Memphis) — 1920-I9.'!U 

ss 

61 

69.3 

John’ (Cleveland) — 1921-1927 

92S 

1 ,05S 

114.0 

1925-1927 

469 

.531 

113.2 

1921-192.') 

4.59 

527 

114.8 

Mayo Clinic: 

IVilder*— 19:U-19;U 

1,24S 

958 

70.8 

Allans— 1930 

47S 

302 

75.7 

Adams’® — 1926* 

.571 

429 

75.1 

Palmer” (Seattle) — 1919-19:14 

:i:i:i 

380 

114.1 

.SeATinghaus” (Milwaukee) — 1922-19.10 . 

252 

248 

08.4 ‘ 

IVcndt and Pock” (Detroit) — 1919-1929 

379 

004 

183.1 

AVright” (Clifton .Springs, N. Y.)— 1926 . 

12:1 

1.33 

108.1 


* Publication date. 


/!f/c (if .0«A‘cf. ^Mortality data presented in an earlier paper’ 
indicate a characteristic age di.stribution in diabetes; the death rate, 
regardless of sex, increases steadily throughout life, reaching a 
maximum in old age. Since diabetes is a chronic disease, however, 
the age at onset is much more important than the age at death. 
Consequently clinical records give a much truer jiicture of this 
characteristic of the disease than do mortality records. The time 
of onset of diabetes, as is well known, is not usually definite, espe- 
cially in the milder cases oeemring in later life, but it can be fixed 
with reasonable accuracy in most cases. 

In seai’ching for the date of onset in this series the date of diagnosis 
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furnished the starting point in the majority of instances. In 
many it was necessary to use this date as that of onset, but often 
the type of onset as described by the patient would be helpful, 
namely, whether siidden~iTL the course of 24: hours j vo/pid in^the 
course of a week; //radwoZ— during a period of 2 months;^ or just 
indefinite— over a, longer period of time. In the latter instance 
the time of the development of syihptoms would be helpful. When 
doubt existed it was the rule to choose the shortest probable interval 
between onset and diagnosis. 

In this experience the number of patients increases steadily from 
infancy to a maximum at ages 50 to 54 (Table 4), except for a 
slight dip in the late teens. The rise is resumed in the late twenties 
and increases rapidly until middle life. The incidence drops off 
rather sharply from the peak as old age is approached. Relatively 
few cases are recorded as having their onset in the eighties and none 
has been found with onset after age 85. 


Table 4. — Age at Onset of Di.abetes. Per Cent Distribution of Cases 
With Known Age at Onset. By Sex. Experience op E. P. Joslin, 

1897-1928. 


Age at onset. 

Males. 

Females. 

All ages .... 

100.0 

100.0 

Under 5 . . . . 

2.1 

1.6 

5-9 

2.9 

2.8 

10-14 

3.8 

3.5 

15-19 

3.3 

2.6 

20-24 

4.0 

2.4 

25-29 .... 

5.3 

4.2 

30-34 . . . 

O.C 

4.4 

35-39 

8.1 

6.8 

40-44 .... 

10.3 

9.7 

45-49 . 

12.7 

14.3 

50-54 . 

14.4 

15.7 

55-59 . 

10.7 

13.6 

60-64 . 

8.7 

9.2 

05-69 . 

3.8 

5 S 

70-74 . 

2.2 

2.1 

75-79 . . . 

0.9 

1.0 

80-84 . 

0.2 

0 2 

85-89 

0.1 

Median age (years) 

46.4 

49 2 

Number of cases 

3,119 

3,229 


At the yoimger aps, the number ot cases is approximately eaui 

the females Begmmng with 45, however, the order is reverse 

numbers are again approximately the sami 
TI.e age distebufon at onset (Table 6) hS^changed perSS 
There has been a definite increase in recent years in tL^ropS 
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ot patients at the older ages, past 00 among males and ])ast 50 
among females. The median age at onset has increased, between 
1897 to 1914 and 1925 to 1928, 2 years among males and. 4 years 
among females. These changes, to some extent, reflect the declining 
proportion of younger persons and the increasing proportion of 
older persons in the general population. It will be noted that in 
the period 1915 to 1919 the proportion of males with onset in the 
third and fourth decades of life is relatively large. This is probably 
a by-product of the examination of men in these age groups for the 
draft in the World War. 

The point of maximum onset for age (Table 5) has shown little 
change. Among males this point has shifted between the fifth 
and sixth decades, but among the latest cases is definitely in the 
sixth decade. Among females the maximum onset has been in 
the sixth decade of every period except 1915 to 1919 and has been 
increasingly well defined. 


Table 5. —Age at Onset of Diabetes. Per Cent Distribution of Case.s 
With Known Ages. By Sex and Calendar Year Periods. Exrerience 
OF E. P. JosLiN, JS97-192H. 


I 


Sex; age at onset. j 

lS‘t7-U)28. 

1807-19M. 

1915-1010. 

1020-1921. 

1925-192S. 

Males: 

Under 10 

5 0 

3 S 

0 0 

5.0 

5.0 

10-19 

7.1 

S 0 

5.3 

S 7 

5.9 

20-29 

9 3 

S 3 

12 7 

10.5 

7.3 

30-39 

14 7 

14 9 

17 S 

.13 5 

14.0 

40-19 

23.1 

25 5 

25 0 

24 0 

20.7 

50-59 

25.1 

20 3 

23.4 

23.4 

27 1 

60-09 

12.6 

10.1 

7 S 

12 7 

14.8 

70-79 

3.0 

3.1 

2.0 

1.0 

4.4 

S0-S9 

0.2 



0.3 

0.2 

Medi.m age (years) 

46.4 

40.4 

43.4 

45.8 

48.4 

Number of cases .... 

3,119 

424 

449 

1,033 

1,213 

Females; 

Lbider 10 

4.4 

6.4 

5.2 i 

4.3 

3.8 

10-19 

0.1 

6.1 

10.3 

4.3 

0.5 

20-29 . 

0.5 

11.1 

7.8 

7.0 

4.9 

30-39 

11.2 

14.5 

12.9 

10.9 

10.3 

40-49 

24.1 

21.9 

25.0 

25.3 

23.2 

50-59 

29.2 

24 9 

24.4 ' 

30. S 

30.3 

60-69 

15.1 

12.1 

10 9 ' 

14.3 

17.2 

70-79 

3.2 

3.0 

2.3 

3.0 

3.5 

SO-89 

0.2 


0.0 , 

0.1 

0.3 

Median age (years) 

49.2 

46.4 

45 9 1 

49.4 

50.4 

Number of cases . ... 

3,229 

297 

348 i 

1 

1,128 

1,450 


Certain anomalies in the sex and age distribution, particularly 
among females, are also brought out by the table. Among males, 
when the experience is divided up into the several calendar periods, 
the number of cases increases with age up to the maximum in every 
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period with but a single exception, which can be dismissed as a 
chance phenomenon due to the small numbers involved. Among 
females, however, since 1925, the number of patients with onset 
in the third decade of life has been dehnitely lower than in the second 
decade. The reason for this is unknown, but perhaps may be 
explained on the basis of a preponderance of diabetic children in 

this series. 


Table 6. — Age and Sex Incidence of Onset of Diabetes. Per Cent 
Distribution op Cases With Known Ages. Recent Clinical Experiences. 


Sc.-c; age groups. 

Joslin 

(Boston), 

1925-1928, 

*0 a 
tc o*^ 

Eo8 

Sri7 

6 


Mayo Clinic. 

WT-t 

Ph 

Wendt and PeckD 
(Detroit), 
1919-1929. 

gPnO 

to 

a 

>. *ST-< 

K 

SovringhausD 
(Milwaukee), - 
1922-1930.t 

Total persons. 

John^ 

(Cleveland) 

1921-1927. 

CO 

o> 

tH 

<yco ^ 

TSO 

too 

eg 

■§’- 

Males: 











0~ 9 ... 

5.0 

4.7 

1.8 

3.7 

3.2 

7.5 

3.2 

2.3 

2.3 

3.6 

10-19 . . . 

6.9 

6.4 

3.1 

5.5 

6,7 

6.9 

6.6 

5.3 

5.5 

12.4 

20-29 . . . 

7.3 

11.9 

5.3 

5.8 

11.1 

6.6 

8.4 

9.8 

6.S 

8.0 

30-39 . . . 

14.6 

15.9 

13.0 

12.5 

14.2 

9.9 

18.5 

23.1 

17,9 

10.2 

40-49 . . . 

20.7 

27.7 

21.8 

23.2 

17.5 

24.4 

19.8 

24.2 

27.5 

14.8 

50-59 . , . 

27.1 

21.9 

26.7 

27,8 

25.9 

23.7 

19.3 

20.1 

25.2 

22.0 

60-69 .. , . 

14.8 

11.51 

28. 3t 

17.4 

18.4 

14.4 

20.2 

13.3 

11.8 

21.4 

70-79 . . . 

4.4 



3.8 

2.9 

6.3 

3.7 

1.9 

2.7 

7.6 

80 and over . 

0.2 



0.3 


0.3 

0.3 


0.3 

... 

Females; 











0-9 ... 

3.8 

4.7 

1.4 

4.7 

5.5 

4.5 

0.4 

1.6 



10-19 . . . 

6.5 

6.T 

2.3 

4.2 

5.4 

5.0 

3.7 

3.7 



20-29 . . . 

4.9 

10.2 

6.2 

5.2 

7.5 

7.1 

5.3 

. 5.0 



30-39 . . . 

10.3 

17.7 

11.4 

12.3 

9.9 

7.1 

13.5 

15.3 



40-49 . . . 

23.2 

19.2 

24.7 

25.4 

22.1 

23.2 

24.9 

35.7 



50-59 . . . 

30.3 

24.6 

28.9 

32.0 

29.3 

31.3 

31.2 

25,9 



60-69 . . . 

17.2 

16. 9t 

25.lt 

13.8 

18.2 

17.6 

18.3 

11,2 



70-79 . . . 

3.5 



2.4 

1.8 

3.7 

2.7 

1.6 



80 and over . 

0.3 




0.2 






Nombeb of cases: 











Males 

1,213 

598 

928 

1,248 

571 

333 

379 

264 



Females 

1,456 

402 

1,058 

958 

429 

380 

1 

694 

1 

321 




* Age at diagnosis, 
t Age at admission to hospital, 
i 60 and over. 

§ Publication date. 


Comparison of Age at Onset With Other Experiences. The age 
and sex phenomena in this experience, with the exceptions noted, 
are believed to be fairly typical. Comparison with other experiences 
(Table 6) tends, in general, to confirm this observation. It is readily 
appreciated, however, that such comparisons must be made cau- 
tiously because of the subjective element in the determination of 
onset. One of the advantages of the present experience is that this 
element is practically constant throughout the 30 odd years, because 
the senior author made the diagnosis in all cases and fixed tire date 
of onset in most cases, and even in recent years, as a rule, has checked 
this date. In some of the other ex-periences, the age data do not 
always relate to the date of onset, but sometimes to the date of the 
ongmal diagnosis or of hospital admission, regardless of previous 
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treatment. In some cases tlie facts are not shown separately for 
each sex— a serious omission as tliere is a fundamental difference in 
the onset curves of the two sexes. Good material, on the age at 
onset of diabetes is scarce, and it is hoped that this report will 
stimulate impro\^ement in this regard. 

In general, the several ex'iieriences (Table 6) agree in the rapid 
increase with age in the frequency of onset of diabetes. But the 
maximum is not always the same, nor is it always well defined. 
In practically all the exjieriences, the number of onsets at the very 
old ages is small. The major differences between the several 
experiences are probably due either to differences in the method of 
computing onset or in the tjqie of experience. In the hospital 
experiences, children tend to be relatively numerous, probably 
because they form a dispropdrtiqnately large number of the acute 
cases, especially coma, which receive hos])ital treatment. 

xige Specific Onset Rates. These data on the age distributions at 
onset in clinical experiences, while adequate as to the numerical 
frequency according to age, do not represent the rate of onset at 
each age. For example, the small number of cases at the later ages 
obviously reflects, to some extent at least, the relatively small 
proportion of persons at those ages in the general population. The 
determination of tine onset rates according to age is, however, 
practically impossible, for this would require knowledge of the age 
at onset by sex for a specific calendar period in a population, the 
composition of which was known. Obviously, such data are not 
available and recourse must be made to other modes of analysis. 

An original approach to the problem is the estimate by Pincus, 
Joslin and White’^ of the true proportional age frequencies at onset. 
Their method consists essentially in weighting the observed fre- 
quency of onset in Joslin’s experience according to the reciprocals 
of the proportions surviving to each age of the life table (lx). 
While their inetliod gives a better idea of the true profile of the onset 
curve than the crude figures, it does not permit proper comparison 
between the relative onset rates of the two sexes, and tlie life table 
basis gives undue weight to the older ages. 

A more accurate picture is obtained simply by comparing the 
actual age distribution of the patients in this experience with tliat 
of the population from which they are drawn. This has been done 
by computing ratios of patients to population by age groups. The 
patients included are those discharged between 1925 and 1928- 
The analysis was limited to patients seen in this period partly in 
order to get a more current picture of the situation, and partly 
because this group is more truly, though by no means entirely 
representatiAm of the diabetic population than is the entire experi- 
ence. Two population bases are used, namely, the estimated white 
population in 1925 of the New England and Middle Atlantic States 
combined, from which over 90% of the patients came, and the 
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corresponding population for the New England States only, from 
which 85% of the patients came. The year 1925 was chosen as an 
approximate mean year of onset of diabetes m this patient group. 
This is, strictly speaking, not accurate, but sufficiently close to give 
'trustworthy results. Similar ratios have been computed on toe 
basis of the per cent distribution of the two populations, ihe 
derived figures are not true onset rates, but the age relationships 
are fairly accurate. At the younger ages, they are probably too 
high, and, after 40, tlie female curve is certainly too low. 


Chabt II. — Age Relationships in the Onset op Diabetes. Ratio of Patients 
OF E. P. JosLiN, 1925-1928, to Population of (a) New England and Middle 
Atlantic States Combined AND‘(b) New England States Only, July 1, 1925 
(Estimated). By Sex and Age. 



Similar age contours are obtained, by all methods. Chart II 
shows the results based on the ratios of the age distributions. In 
both sexes the onset rates are lowest in the first decade of life, 
but rise at first gradually, then very rapidly to a maximum in the 
ntPes, (hop off slowly in the next decacle, and then rapidly to the 
end of life. The number of cases recor(ied in the eighties is too 
small to show accurately the slope of the curve and the figures, 
therefore, are omitted from the chart. No onset has been observed 
m the nineties m this experience; such cases are rare, if they exist 

at all. Among females there is a definite depression in the curve in 
the twenties. 

When the curves for each sex are compared, it is found that up 
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to the age of 40 the frequency of onset in males is generally some- 
what higher than in females, but from 40 -to 70 the frequency of 
onset in females is appreciably in excess of that for males. During 
this period of life, when the onset of diabetes is most frequent, the 
females show a rate of onset approximately one-third in excess of 
that of males. In the eighth decade, the frequency, based on this 
experience, seems to be somewhat greater among males, but this is 
questionable in view of the opposite trend in mortality. The num- 
ber of cases past SO is too small to permit a reliable comparison. 
As we have indicated earlier, the onset curve for females from age 
40 on is too low, and the differences between the two sexes, there- 
fore, are actually greater than here shown. 


Table 7.— Incidence of Jewish Cases Among Diabetics. Nembeu and Pno- 
PORTION OF Cases in Specified Age Groups. By Sex. Expehience of 
E. P. JosEiN, 1897-1928. 


Age at onset. 


Number. 


Ratio of Jews to 
all cases. 


Per cent of all 
ages. 


' 

Males. 

' Females. 

Males. 

Females. 

Males, 

Females. 

All ages 

361 

i 528 

11 0 

16.3 

100.0 

100.0 

Under 5 

4 

' 4 

6.1 

7.8 

1.1 

0,8 

5-9 

2 

! 12 

2 2 

13,2 

0.6 

2.3 

10-14 

6 

; 14 

5 1 

12.5 

1.7 

2.7 

15-19 

8 

i ^0 

7 8 

11.8 

2.2 

1.9 

20-24 

15 

1 11 

12.0 

14.3 

4.2 

2.1 

25-29 

IS 

1 

11.0 

12.7 

5.0 

3.2 

30-34 

32 

I 32 

15 0 

22.5 

8.9 

6.1 

35-39 

48 

' 53 

18.9 

24.2 

13 3 

10.0 

40-44 

59 

70 

18,3 

22.3 

10.2 

13.3 

45-49 

54 

101 

13,0 

: 21.8 

14.9 

19.0 

50-54 

56 

1 101 

12.4 

19 9 : 

15.4 

19.0 

55-59 

32 

i 61 

9.5 

13 9 ' 

8.9 

11.6 

60-64 

19 

: 26 

7,0 

' 8.7 

5.3 

4.9 

65-69 ' 

6 

13 

5.1 

i 7 0 

1.7 

2.5 

70-74 

2 

1 2 

2.9 

j 2.9 . 

0.6 

0.4 

75-79 


1 1 


j 3.0 


0.2 

Medi.an age (years) 

44 1 

i 47.0 


1 

1 




Age ai Onset in Jewish Patients. Among Jewish patients in this 
experience, the onset picture is somewhat different from that of 
other patients. The Jewish patients developed diabetes relatively 
early. As Table 7 shows, the maximum numerical frequency of 
onset of diabetes in Jewish males was between 40 and 44, compared 
with fiO and 54 for .all male patients. In Jewish female patients, 
equal numbers of onsets were recorded in age periods 45 to 49 and 
50 to 54, whereas among all female patients the onset peak was 
definitely at ages 50 to 54, The median age at onset of the Jewish 
patients was slightly over 2 years less than that of all patients. 
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Certain other features of the Jewish experience in regard to sex 
and age are significant. The number of Jewish female patients 
exceeded that of males up to the end of 1928 by 46.3%, whereas 
among non-Jewish patients the number of males was actually slightly 
greater than females. Considered by age, the number of Jewish 
female patients was far in excess of the males except in the twenties 
and thirties. In the late forties and in the fifties, the female cases 


outnumbered the males nearly 2 to 1. . 1 1 ^ 7 \ • j 

The proportion of Jewish to total patients (Table 7) varied 
widely by sex and by age. For all ages, Jewish males constituted 
11.6% of all male patients, but females,. 16.3% of all female patients. 
Among males, the proportion of Jewish patients to total patients 
is relatively small at the younger ages of onset, but increases fairly 
steadily bj'’ age up to the maximum of 18.9 % in tlie late thirties 
and declines steadily thereafter. Among females, the proportion 
of Jewish patients is larger at every age than among males. Even 
at the younger ages at onset, the proportion of Jewish females is 
well over 10% and increases to a maximum of 24.2% in the late 
thirties. It then declines, at first gradually, and then somewhat 


more rapidly with advancing age. 

This wide difference in the proportion of Jewish patients at the 
several ages is certainly not due to chance.^^ It reflects, in some 
measure, merelj^ the percentage of Jews who, in middle life, are 
better able to afford and seek expert treatment. This, however, 
can at best be a partial explanation. We believe that the facts on 
the age at onset of diabetes in Jewish patients fits in with the 
mortality data given in an earlier paper,!’’ -Rriiich showed that at 
the younger ages there is little difference in the diabetes death rates 
of Jews and non-Jews and only past 45 are the Jewish rates exces- 
sive. As for the sharp decline in the proportion of Jewish patients 
at the older ages, it is, in part, due to the fact that the Jewish 
population, largely an immigrant one, is deficient in the proportion 
of old people, but even -with reasonable allowance for this it seems 
that Jewish patients are prone to diabetes in early middle life. 

Marital Condition in Relation to Diabetes. The incidence of 
diabetes is higher in married women than in single women. This 
difference is not found in men. Indeed, only among the married 
is there a large difference between the sexes' in regard to the fre- 
quency of diabetes._ This was shown by Mosenthal and Bolduan,’* 
horn New "iork City mortality data, and is confirmed by similar 
Canadian data’^* in the period from 1928 to 1932 (Table 8). The 
significance of the large difference between married and single 
u omen in the Canadian experience between ages 25 and 44 is 
uncertain, because the average age of the single, in this broad age 
group, is niuch lower than that of the married. Unfortunately 
more detailed data needed to clear up this point are not available! 
ihe widowed have higher rates than the married within the broad 
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age groups studied, but this also reflects in large part their higher 
a^"erage age. 


Table 8. — Diabetes and Mabital Status.'®* 

Death Rates per 100,000 From Diabetes. By Sex and Ago. Canada, 1928-19.82. 


Marital status. 

. Aeon 25 to 4-1. 

Apes -15 to 04. ■ 

Akc.s G.'i 

iiid over. 

{ 

1 Males. 1 Females. 

Alale.**. 

Fcitialpa. : 

Males. 

Females, 

Single 

1 ' 

. ! 4 H 2 2 

21 9 

1 

19 2 

78. 2 

n.r 

Married . 

■ .3 2 ' 3 9 

13 1 

33 1 : 

79.3 

1.38.0 

"Widowed 

1 5 ^ ■ ♦ 

30 5 

42 S 

97.3 

127.0 


* Not significant because of .small number of deaths. 


Partial confirmation of the findings regarding the higher frequency 
of diabetes in married women is ali'orded also by analysis of the 
facts on the marital condition of the senior author’s group of 
patients. These have been tabulated as of the date of examination 
and compared with the marital distribution of the population of 
New England in 1920, that year being taken as an approximate 
mean. On this basis, there was a sizeable deficiency from ages 45 
on in the proportion of single persons in this diabetic group, as 
compared with the general population, both among men and 
VDmen, but more especially among women. At ages under 45, 
this relationship did not exist, for the proportion of single persons 
was higher among the diabetics at ages 20 to 24, and among women 
not greatly different at ages 25 to 44. This is not altogether sur- 
prising. 'To some extent, this is explained partly by the hesitation 
of young diabetics to marry, but to a far greater e.xtent by the 
relatively large number of persons in this diabetic group from fami- 
lies in comfortable circumstances, where marriage tends to be 
delayed. 

Mosenthal and Bolduan'® suggest that the effect of pregnancy on 
the carbohydrate tolerance is a factor in the higher incidence of 
diabetes in married women. This accounts, however, for only part 
of the difference because diabetes even in married women usually 
has its onset many years after childbearing has ceased. More 
important than pregnancy itself woukl seem to be the effect of over- 
feeding and underexercise during and after pregnancy. Women 
usually gain weight during this period, some a considerable amount, 
and all or a large part of the added weight is often retained. Some 
indication of this is found in comparing the weights of single and 
married diabetic women. Among 1326 married women in this 
group-® with onset of diabetes after 45, the average weight was 
181 pounds, compared to only 161 pounds for 111 single women. No 
difference, however, was found in the a\'erage iveights of childless 
and fertile married women. Another factor in the difference between 
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the single and married women is the generally better economic status 
of the married. That means more frequent overnutrition and a 
greater probability of acquiring diabetes as indicated by the weight 
figures just quoted. It also means more medical care and a greater 
probability of correct diagnosis of the disease when it occurs. More- 
over, there is greater incentive for a single woman to keep her 
figure than a married woman. Finally, among single women there 
is a sizeable proportion who do not marry for reasons of health, most 
of whom are victims of wasting diseases, and, therefore, underweight. 

As for the difference in the frequency of diabetes between married 
men and women, the extremely rapid increase in the frequency of 
onset among women in the late forties or fifties reflects the strain 
on the endocrine system during menopause. Gain in weight is very 
frequent at this period of life. 
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THE "GORDON TEST” FOR HODGKIN’S DISEASE. 


By Jacob D. Goldstein, M.D., 

INSTRUCTOR IN MEDICINE, UNIVERSITY OF ROCHESTER, SCHOOL OF JfEDICINB AND 
DENTISTRY, ROCHESTER, N. Y, 

(From the Departments of Medicine and Bacteriology.) 


In 1932 33 Gordoiii reported that an encephalitic syndrome ol 

witrs^^sn injected intracerebrallj 

with suspensions of lymph glands removed from patients wit! 

g un s disease. He obtained this reaction from 19 of the 2C 
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lymphadenoraa cases wliicli he studied. Gland biopsies from 41 
patients suffering from a variety of conditions (carcinoma, lympho- 
sarcoma, leukemia, tuberculosis) did not produce this effect in 
rabbits. Van Rooyen" similarly studied 20 cases of Hodgkin’s 
disease. Fifteen of these glands produced a picture of encephalitis 
in rabbits, whereas 13 non-lymphadenomatous glands Avere negative. 

The nature of the agent responsible for this reaction has not been 
definitely established. Gordon' has suggested that a virus may be 
involved. Van Rooj'en,- howcA'er, considered the response to be a 
toxic phenomenon, and felt that the absence of demonstrable 
immunity, the absence of intracellular inclusions, and the inability 
to transmit the encephalitis from rabbit to rabbit, constituted strong 
evidence against any virus as an etiologic agent. Friedemann^ 
has shown further that the intracerebral injection of normal splenic 
tissue, of bone marrow (normal or pathologic) or of normal leuko- 
cytes (all from humans) produced in rabbits an encephalitis similar 
to that described by Gordon after inoculation with lymphadenoma- 
tous tissue. He suggested that the encephalitogenic agent in 
Hodgkin’s glands, in normal spleen, in bone marrow and in leuko- 
cytes was of the nature of a proteolytic enzyme. A proteolytic 
enzyme was demonstrated in human spleen, bone marrow and 
leukocytes by Jochinann and Lochemann"* in 190S. 

The problem of the identity of the Jochinann-Lochemann proteo- 
lytic ferment with the encephalitogenic agent found in Hodgkin’s 
disease has been studied further by MacKenzie and Van Rooyen.® 
Their results indicate that there is no relationship between the 
proteolytic and the encephalitogenic properties of a given gland 
extract. Experiments directed at this phase of the problem are 
in progress in this laboratory now and will be discussed in a later 
communication. 

In the reports of Gordon and of Van Roo5"en, only Hodgkin’s 
lymph nodes produced an encephalitis in rabbits. Lymph nodes 
from other diseases did not produce this reaction, although in 
several instances lymphadenoraatous nodes failed to produee it. 
These reports indicated that the injection of suspensions of Hodg- 
kin’s lymph nodes into rabbit brains might serve as a valuable bio- 
logic test for the presence of Hodgkin’s disease. Manson,® however, 
reports 3 false positive tests; in 2 instances from nodes histologically 
diagnosed tuberculosis and in 1 node shoAving simple hjqierplasia. 

The purpose of this report is to present our experience with the 
“Gordon test,” 

Method -and Material. Method. Lymph nodes obtained by biopsj’’ 
were sent to the laboratory immediately after removal from the 
patient. Using sterile technique, the gland Avas weighed, after as 
much as possible of the fatty and fibrous tissue had been dissected 
away. It was then minced AAuth scissors in a mortar, and thoroughly 
ground up Avith a pestle. Enough broth was then added to make a 
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10% suspension. The broth used (both in grinding and diluting) 
contained 0.5% phenol and its reaction was accurately adjusted to 

a pH of 7.1. _ . j- 

The gland suspensions were tested for sterility after grinding, 

and always on the day preceding and on the day of injection into • 
animals. All emulsions were kept in cotton-stoppered tubes in the 
icebox at 6° C. and injected into animals after from 8 to 10 days 
of storage. Where the material was adequate in amount, injections 
into rabbit brains were made 24 hours after preparation of the 
suspensions. When the results were negative, further inoculations 
were made in from 15 to 20 days, and in several instances after a 
longer period of storage. • 

The rabbits were injected in the manner suggested by Gordon. 
Under light ether anesthesia, 0.25 cc. of gland suspension was given 
intracerebrally and from 0.5 to 0.75 cc. intravenously. The animals 
were examined daily. Temperatures and weights were recorded 
daily at first. Later the temperature was taken only when the 
animal showed abnormal signs, and the weights were recorded 
intermittently as the animals’ clinical status changed. 

Only definite neurologic changes, such as spasticity, ataxia, tonic 
fits on stimulation, and delayed flaccid paralysis were accepted as 
criteria of a positive test. Hyperexcitabilitj^ and tremor in the 
first 72 hours after injection were not considered to be significant. 

At first the animals were observed for 21 days, but later this period 
was extended to from 30 to 35 days. 

Material. Twenty-nine lymph nodes have been studied. Nine 
came from patients with Hodgkin’s disease, as proved by histologic 
study. The other 20 biopsy specimens were from patients clinically ' 
suspected of having Hodgkin’s disease, but the histologic examina- 
tions did not show Hodgkin’s granuloma. A resume of the indi- 
vidual cases of Hodgkin’s disease, including the results of the 
rabbit tests, follows: 


_ Case 1. E. V., female, aged 34, was admitted June 7, 1934, for a derma- 
titis of unknown etiology. She returned 2 months later with swollen 
cervical glands; leukocytes, 23,600. Biopsy of gland showed histologically 
typical Hodgkin’s granuloma. 

Rabbits 103 and 104 were inoculated with a suspension of excised gland 
which had been stored in the icebox for 9 days. Both animals show^ed 
neurologic changes on the 6th or 6th day. Progressive ataxia, spasticity 
and cacl^xia developed. Animals killed after a month for histologic study. 

Uase 2. M. B., inale,_aged 48, was admitted November 1, 1934, because 
of intense abdominal pain of 3 weeks’ duration. The significant findings 
v ere generalized glandular enlargement, enlarged liver and” spleen, and 
disease' axillary gland showed histologically typical Hodgkin’s 

, S26 and 828 were inoculated with gland suspension 

ahtis^ ™ ^ ^ animals developed signs of an enceph- 

Case 3. E. N., female, aged 70, was admitted November 21 1934 
because of weakness of 5 months’ duration. A small mass was found in 
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the left axilla. Biopsj" of this mass shoAved histologicall}'’ typical Hodgkin’s 
disease. 

Rabbits 145 and 146 ivere inoculated ivitli gland suspension stored in 
the icebox for 11 days. These animals remained normal. Rabbits 901 
and 902 Avere inoculated Avith node suspension stored in the icebox for 
27 da 3 "s. Both animals deA^eloped encephalitic s 3 ’’mptoms characterized bj^ 
spasticity, ata.xia and spastic fits. Both died. 

Case 4. R. B., female, aged 26, for 2 j’-ears had sAA'ollen glands in the 
neck. Biopsj' during March, 1934, did not establish a diagnosis. The 
biopsj" AA’-ound drained for 3 months. In Januar)'’, 1935, generalized Ijnn- 
phatic enlargement deA^eloped. Bio])sjf of axillarj’- node rcA’-ealed a histo- 
logic picture of AA'hich Dr. G. H. Whipple said: “Definitelj" Hodgkin’s 
disease— but tuberculosis might be present.” 

Rabbits 162 and 163 Avere inoculated A\'ith node suspension stored in the 
icebox for 7 daj"s. Both animals deA’eloped typical signs of encephalitis on 
the 4th day. Four guinea pigs inoculated Avith fresh and stored node 
material did not shoAA' any tuberculosis on autops 5 '. The guinea pigs AA’ere 
also giA^en sldn tests AAnth tuberculin. The reactions A\-ere negatiA’-e. 

Case 5. J. C., male, aged 60, AA’ith no reliable historJ^ Material AA'as 
obtained at autopsj' on October 28, 1934. Iin'oh'ed Ijunph-nodes AX'ere 
obtained from neck, axillaa, and retroperitoneal regions. The siileen, liA’-er 
and lungs Avere also inAoh'^ed. All AA'ere liistologicalty typical of Hodgkin’s 
disease. L 3 TOphatic tissue and infiltrated tissue from liA'er and spleen AA’ere 
prepared and stored in the icebox for 17 da 3 's. One rabbit AA'as inoculated 
AAith suspension from each tissue. All rabbits deA’eloped typical signs of 
encephalitis during the 4th, 5th and 6 th da 3 ’s. 

Case 6, P, C., male, aged 7, admitted March 23, 1935, AA’as first seen 
on Ma 3 ’’ 8 , 1930, AA’hen a generalized enlargement of l 3 '’mph-nodes AA'as noted. 
Biopsy of an inguinal gland AA’as jierformed on August 1, 1930. Histo- 
logically, a diagnosis of subacute 13 ’mphadenitis AA’as made AA’ith Hodgkin’s 
disease listed as a possibility (Dr. G. H. IWupifie). A second biops}’ on 
NoA’ember 14, 1931, shoAA’ed a histologic appearance more close!}’ resembling 
that of Hodgkin’s disease. Biop.sy on March -27, 1935, demonstrated an 
appearance liistologically t 3 ’pical of Hodgldn’s disease. 

Rabbits 741 and 744 Avere inoculated Avith 13 ’mph-node suspension stored 
in the icebox for 10 da 3 's. Botli rabbits deA’eloped S 3 ’mptoms of encephalitis 
on the 4th day. 

Case 7, T. M., male, aged 26, for 6 mouths had intense itching of 
both AA’rists ; for 2 months, ^increasing SAA’ellings in the neck. Diffuse enlarge- 
ment of B’mph nodes AA’as obserA’ed. Biops 3 ’ shoAA’ed typical Hodgkin’s 

1 , 1 ... 1 , - ” 

. ■ ■ 1 XL AA’ere inoculated AA’ith node suspension AA’hich had 
been stored in the icebox for 16 da 3 ’s. Both animals deA’eloped abnormal 
neurologic signs on the 5th da 3 ’. 

Case 8. G. G., male, aged 62, admitted on June 2, 1933, for I'espinatorj’ 
difficulty. Widening of mediastinal dullness and a generalized 13 ’raph- 
adenopathy AA’ere present. Biops}’ of an axillary gland on September 6 , 
1933, demonstrated typical Hodgkin’s granuloma. A second biops}’ on 
October 27, 1933, also shoAA’ed Hodgkin’s granuloma. Death occurred 
on Xovember 21, 1933. At autopsy, lesions entirety typical of Hodgkin’s 
disease AA’ere found in liA’er, spleen, lddne 3 ’s, skin and 13 ’mph-nodes. 

Nine rabbits AA’ere inoculated AA’ith material obtained at both biopsies 
and at autops}’. Dosage and duration of icebox storage AA’ere varied. All 
tests, hoAveA’er, AA’ere entirety negatiA’e. 

Case 9. J. H., male, aged 39, had enlargement of cerA’ical tymph- 
nodes, noted in Ma}’, 1934. There occurred progressiA’e dcA’elopment of 
a diffuse l 3 ’mphadenopath 3 ’ AA’ith intermittent fcA’er. Biops 3 ’ on October 9, 
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1933, showed histologically typical Hodgldn’s granuloma. The patient 
died during Februai^S^ 1935. The gross.and histologic findings at autopsy 
substantiated the diagnosis of Hodgldn’s disease., _ • 

Rabbits 641 and 642 were inoculated ivith lymph-node suspension stored 
in the icebox for 11 days. Both animals remained normal. Rabbits 643 
and 644 received the same suspension after storage in the icebox for 20 _da 3 '^s. 
Both animals remained normal. Material prepared from autops}'' specimens 
also gave negative results on inoculation into 11 rabbits. 

Control Material. The biopsy specimens from 20 patients did 
not show histologic evidence of Hodgkin’s granuloma. These node 
suspensions did not produce neurologic changes in any of the 
animals injected. A summary of these cases is given in Table 1. 


Table 1.— -Contkol Group. 


Patient. 

Sex. 

Age, 

yrs. 

Clinical diagnosis. 

Histologic diagnosis. 

Source of gland. 

Gordon 

test. 

W. B. 

73G58 

M 

41 

Pulmonarj' tuberculosis 

Tuberculosis 

Axilla 

Negative 

M. 0. 

86948 

F 

30 

Glomerulonephritis 

Chronic lymphadenitis 

Neck 

E. W. 

95140 

F 

34 

Not determined 

Chronic lymphadenitis 
with cvstic changes 

Mesentery 


A. G. 

87860 

M 

17 

Tuberculous adenitis 

H>'perp!astie tuberculosis 

Neck 

u 

F. S. 

96533 

M 

61 

Lymphatic leukemia 

Lymphaticleukemia 

Neck 

u 

C. A. 

70606 

M 

23 

Infectious mononucleosis 

Chronic lymphadenitis 

Neck 

(( 

R. P. 

6356S 

M 

21 

Infectious mononucleosis 

Chronic Ijunphadenitis 

Axilla 

it 

L. P. 

90188 

M 

20 

Chronic nephritis 

Hyperplastic node 

Neck 

ii 

M.M. 

81335 

F 

33 

Tuberculous adenitis 

Tuberculosis 

Neck . 

it 

B. D. 

21540 

M 

8 

Tuberculous adenitis? 

Chronic lymphadenitis 

Neck 

a 

V.T. 

(HH) 

F 

33 

Ulcerative colitis 

Chronic lymphadenitis 

Mesentery 

it 

Y. 

(AOH) 

M 

257 

Leukemia 

Leukemia 

Neck 

a 

P. T. 

95426 

F 

22 

Banti syndrome? 

Hyperplastic node 

Axilla 

it 

W.M. 

100968 

M 

26 

Lymphosarcoma 

Lymphosarcoma 

Axilla 

it 

ii. 

99987 

F 

34 

Tuberculous adenitis 

Tuberculosis 

Neck 

ti 

D. V. 

869 

M 

36 

Lucs? Tuberculosis? 

Hyperplastic node 

Axilla 

ti 

C. Z. 

1191 

F 

27 

Lymphosarcoma 

Lymphosarcoma 

Groin 

it 

A. S. 

A2888 

M 

65 

Cardiac death 

Lymphosarcoma 

Retroperitoneum 

(autopsy) 

Neck 

it 

G. D. 

(RGB) 

F 

47 

Profound anemia — Cause? 

Tuberculosis 

ti 

C. N. 

100778 

M 

15 

Not determined 

Hyperplastic node 

Neck 

it 


Discussion. Seven of 9 lymphogranulomatous nodes, when inoc- 
ulated intracerebrally into rabbits, produced an encephalitic syn- 
drome. In 2 instances, where tissue was obtained from histologically 
established cases of Hodgkin’s disease, this reaction w^as not obtained. 
From both, biopsy specimens were obtained on 2 occasions, and 
enough material was available at autopsy to permit making an 
adequate number of rabbit tests. Dosage and time of icebox storage 
of the suspensions varied, but all of the inoculated animals remained 
free of abnormal neurologic manifestations. 

Of the control group of 20 lymph nodes, 5 were tuberculous and 
2 came from patients with infectious mononucleosis. None of the 
control glands produced signs of encephalitis on inoculation into 
rabbits. 

“ i^esults of our limited series of observations suggest that the 

Gordon test’’ may be of distinct value in the diagnosis of Hodgkin’s 
disease, especially in those instances wdiere the histologic findings 
are uncertain. A negative test at the present time has no diag- 
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nostic signiiBcanee. It is apparent, however, that in order to settle 
the question of possible “false positive tests,’' additional cases must 
be studied. 

Summary. 1. Biopsj'^ material from 7 of 9 cases of Hodgkin’s 
disease produced an encephalitic syndrome (a positive “Gordon 
test”) when inoculated intracerebrally into rabbits. 

2. Twenty control lymph-nodes, including 5 tuberculous nodes 
and 2 nodes from infectious mononucleosis were negative. 

3. There were no false positive tests. Two of 9 nodes from estab- 
lished cases of Hodgkin’s disease failed to give a positive test. 

The author wishes to express his thanks to Dr. G. P. Berry and Dr. J. S. LawTcnce 
for interest and help in this work. 
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HODGKIN’S DISEASE OF THE LUNG."’ 

By Ernest H. Falconer, M.D., 

CLINICAL PROFESSOR OF MEDICINE, UNIVERSITV OF CALIFORNIA MEDICAL SCHOOL, 

AND 

Maurice E. Leonard, M.D., 

ASSISTANT IN MEDICINE, UMVERSm' OF CAMFOIINIA MEDICAU SCHOOL, 

SAN FEANCISCO, CALIF. 

(From the Departments of Medicine and Pathology, University of California 
Medical School, San Francisco, Calif.) 


The material for this report was obtained from a study of 29 
patients with a diagnosis of Hodgkin’s disease who were admitted 
to the University of California Hospital from 1928 to 1935. It is. 
our purpose to describe, from our analysis of this material, the 
clinical, roentgenologic and pathologic manifestations of pulmonary 
involvement in Hodgkin’s disease. We have used data from pub- 
lished reports in the literature for comparison and amplification of 
our data. Of the 29 cases studied, 9 showed clinical or pathologic 

* Read before the General Medicine Section of the California Medical Association 
at the Sixty-fourth Annual Session, Yosemite, May 13-16, 1935. 
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evidence of pulmonary involvement. Seven of these cases are 

reported in essential detail. n „ • 

Incidence. Our search of the literature has revealed the following 
published statistics of incidence (Table 1) . These series are all small, 
probably on account of rigid diagnostic criteria, including autopsy. 
Our series appears larger by reason of less rigid criteria, as not all 
of the patients came to autopsy. The diagnosis in every instance 
of our 29 cases, however, was carefully checked by biopsy material 
and histologic study. Although the total number of reported cases 
is small, and despite the different diagnostic criteria used (clinical 
or pathologic), it vdll'be noted that the reported statistics agree 
closely. 

Table 1. 



Total 

With 



number 

pulmonary 


Author. 

cases. 

involvement. 

Per. cent. 

Ceelen-Rabinowitsch . 

. . 10 

4 

40.0 

Herxheimer 

. . . 8 

5 

'61.0 

Sternberg 

. . . 15 

5 - 

33.3 

Weinberg 

. 7 

2 

28.0 

Verse 

. . . 16 

6 

37.0 

Moolten 

... 18 

9 

50.0 

Whitaker 

... 22 

7 

32.0 

Authors 

... 29 

9 

31.0 

Total 

. . .125 

47 

.37.6 


The report of 7 authors show the incidence of pulmonary involve- 
ment to be 40%. 

Pathology. The lesion may be primarj^ or secondary. The 
primary type is very rare, although Moolten^ includes it in 10% of 
all cases of pulmonary Hodgkin’s disease. The primary forms arise 
from lymphoid nodules within the lung parenchyma .and the sub- 
mucosa of the bronchi, the so-called submucosal and auxiliary 
lymphoid tissue.^ The secondary type most commonly invades the 
lungs from the bronchomediastinal lymph nodes, but may extend 
from the thoracic spine, ribs, pleura, pericardium or thymus. 
Bernard® states that a primary origin in the pleura is more common 
than in the lung. 

Verse'^ classifies pulmonary Hodgkin’s lesions as follows; 

1. Hilus node involvement with direct invasion of lung tissue; 
(o).By direct extension from the lung hilus; (6) by breaking through 
the mediastinal pleura. 

2. Hilus node involvement with intra- and peribronchial spread 
into the lungs. 

3. More or less lobar infiltration with various grades of broncho- 
mediastinal involvement. 

4. Confluent lobular foci with associated involvement of Ivmph 
nodes. 

5. Miliary disseminations. 

^ Grossly, the lesions may resemble metastatic tumor nodules. 



782 FALCONER, LEONARD: HODGKIN’S DISEASE OF THE LUNG 

massive expansi^’^e grmvtlis, lobar consolidation or miliary dis- 
seminations; and numerous cases Avith cavity formation have been 
reported.^"^® Lyon” reported a case in which the granuloma had 
perforated the chest wall. 

Histologically, one may find typical granulomatous tissue invading 
and following peribronchial and perivascular structures, also fre- 
quently extending into the interstices and alveoli. 

Pleural effusion may occur in association with infiltration of the 
lung or pleura. Effusion may be due to mechanical factors alone, 
i. e., pressure upon the great vessels by glandular masses. Sero- 
sanguinous, serofibrinous, or even purulent effusions occur, and are 
usually very cellular. Cases with chjdous effusion have been' 
reported. According to Bernard,® any effusion which cannot be 
explained in any other way should lead to suspicion of primary 
pleural Hodgkin’s disease. 

Among our patients, using the Verse classification above, we 
foimd 1 case corresponding to T.A'pe 1, 1 corresponding to Type 5, 
2 corresponding to Type 2, 1 each corresponding to Types 3 and 4, 
and 1 corresponding to a combination of Types 2 and 3, 

Symptoms and Signs. The symptoms associated with pulmonary 
Hodgkin’s disease are most frequently cough and dyspnea; less 
frequently, chest pain, expectoration and hemoptysis. Of 7 patients 
presented in detail in this report, 6 had dyspnea; 5, cough; and 
1, chest pain. Five showed signs of fluid; 2 of these showed signs 
of consolidation, and 2 showed only scattered rales. Dj-spnea of 
marked degree was a symptom of those patients with extensive 
pleural effusions, although it Avas also marked in 3 patients haAung 
infiltration of the lung Avithout the presence of fluid. Cough, 
usually unproductiAm, occurred in all patients shoAAung parenchy- 
matous lesions. Chest pain AA^as a striking symptom in 1 case. 
In another patient, cough was the predominant symptom before 
infiltration of the parenchyma had occurred. Taa^ patients had 
respiratory symptoms at the onset of the disease. In 1 of these, 
cough was the symptom first prompting the patient to seek medical 
adA'ice. In the other 5 patients the respiratory symptoms appeared 
5 months, 2| years, 3 years, 3 years and 9 months, and 8 years 
after the onset of lesions elseAsdiere in the body. 

Roentgenologic Findings. There is no characteristic Roentgen 
picture of pulmonary Hodgkin’s disease. If the film reveals miliar.y 
disseminations, or infiltration or caA'itation of the upper lobes, 
tuberculosis is- suggested. If the shadows resemble metastatic 
nodules or large expanding tumors, carcinoma is suggested and 
may Ije the diagnosis made. In 1 of our cases the early Roentgen 
diagnosis AA’-as tuberculosis, while in another it was metastatic 
carcinoma. 

In the majority of cases where there is evidence of Hodgkin’s 
disease elseiAdiere in the body, the Roentgen findings aauII establish 
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the diagnosis of pulmonarj^ involvement. The difficulty in these 
cases is the possible coexistence of pulmonary tuberculosis. We. 
have not found this association to be common, either in our own 
cases or in reports from the literature. 

The greatest difficulty presents itself in those cases where the 
primary lesion is in the lungs. Here tuberculosis, lymphosarcoma, 
carcinoma, or chronic pneumonitis may give similar pictures. 
Many roentgenologists believe that tuberculosis and carcinoma 
can be fairly sharplj'- differentiated from lesions due to Hodgldn’s 
disease. Whitaker^^ lays stress upon the sharper outlines of sar- 
comatous and carcinomatous lesions. Wessler and Greene'^ stress 
the enlargement of paratracheal nodes in Hodgkin’s infiltration. 
The response to Roentgen raj^ treatment may be of help in the 
differential diagnosis.^^-^®-^^ Tuberculosis will show no response. 
Carcinoma responds slowly, if at all. On the 6ther hand, the 
lesions of Hodgkin’s disease and lymphosarcoma should regress 
rapidly., It is stated by some authors that lymphosarcoma will 
show a more rapid rate of regression than Hodgkin’s lesions, but 
this depends to a large extent upon the relative degree of cellularity 
and fibrosis of the lesion. It should be stated that there are investi- 
gators who believe that radiation does not cause satisfactory regres- 
sion of Hodgkin’s lesions in lung parenchyma. For this reason the 
response to radiation may not be of much help as an aid in differ- 
ential diagnosis. 

Prognosis. We were unable to determine any definite connection 
between the time of onset of the pulmonary symptoms and the time 
of death (Table 2) . This may be due in part to the variable interval 
between the appearance of the lesion and the onset of symptoms. 
Moreover, there is no definite relationship between the extent of 
the lesion and the symptomatology. If pleural effusion occurs 
early, the syniptoms are marked, whereas it has been noted that 
extensive infiltration of the lung parenchyma may exist without 
symptoms pointing to the chest. 


Case No. 

Table 2. 

Time of appearance of 
chest symptoms after 
onset of disease. 

Length of life after 
onset of pulmonary 
involvement. 

1 

2 years, 6 months 

2 months. 

2 

5 months 

Subsequent course not kiiown. 

3 

8 years 

2 years, 3 months. 

4 

Primary symptoms 

4 years, 3 months. 

5 

3 years 

3 months. 

6 

3 years, 9 months 

1 year, 9 months. 

7 

With onset of disease 

1 year, 4 months. 


Case Reports. Casb_ 1.— M. W., male, aged 22, entered the hospital 
j complaints were weakness, diarrhea, loss of 

weight and swelling of glands in the neck. Two and a half years prior to 
ntry, toilo;mng tonsillectomy, he had noted swelling of the left side of 
ne neck. In July, 1931, glands were removed from the neck, followed by 
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Roentgenotherapy. Progressive weakness and loss of weight supervened 
with intermittent periods of diarrhea, which lasted until the present entry. 
Two weeks prior to entry he began to have a non-productive cough. Physi- 
cal examination showed: Respirations, 35 per minute; occasional sonorous 
rales in the left interscapular region. For 2 da 3 '-s following admission the, 
patient was ver}'- dyspneic. On May 9, the possibility of emphj’-sema was 
considered. During his stay in the hospital, he suffered from intermittent 
which could not be accounted for by the chest findings. 

' ■ ■ ■ ■ ■ ■ ■ rales were heard. The respirations ranged from 30 to 

60 a minute. A Roentgen fihn, taken June 3, showed diffuse parench 3 Tna- 
tous shadows throughout the right lung field, and to a lesser extent in the 
left lung field (Fig. 1). The patient was discharged on June 6. Death 
occurred in July, 1933. No necrops 3 ’-. 

Case 2.— R. B., female, aged 37, was admitted, July 17, 1933, with 
weakness, loss of weight, d 3 'spnea, intermittent fever and swelling in the 
neck. Her first s 3 nmptoms appeared in August, 1932, and consisted of 
left temporal headache, itching of the sldn and rash. This condition 
cleared up and the patient felt well until Januar 3 '-, 1933. Following an 
attack of influenza slie complained of d 3 'spnea, a loss of 25 pounds in weight, 
and intermittent fever. In March, 1933, she noted swelling on the right 
side of the neck, followed by swelling of the left side of tlie neck and in the 
axillffi and groins. She had also noted excessive pigmentation on her 
bod}*- for 2 months. Just prior to admission, d 3 'spnea was the most anno 3 ^- 
ingsimaptom. Ph 3 ^sical examination showed : Brovmish pigmentation of 
the face and arms._ Large masses of discrete and confluent, slightly^ tender 
glands in the cer%ncal, axillar 3 '’ and inguinal regions. Chest examination 
showed diminished mobility of the left side; dullness over the left base 
posteriorly. Breath sounds at the right apex posteriorlj’- were high-pitched 
and bronchial. Numerous fine, subcrepitant rdles were heard throughout. 
The spleen and liver were palpable. There was pitting edema of both 
ankles, and fluid in the abdomen. The pupils were fixed and reacted slug- 
gishly to light; knee jerks were diminished. Kahn test, 4-f. A roentgeno- 
gram of the chest taken, Jul 3 " IS, 1933, showed scattered area of densit 3 ’- 
through both lower lobes and the left upper lobe (Fig. 2). She received 
five courses of deep Roentgen therapy to the chest. Following irradiation 
there appeared to be clinical improvement in her cliest condition. She was 
discharged, July 29, 1933, and returned to her pljj’^sician. Her course 
since discharge is not known. 


Legends fob Pigs. 1 to 11. 

Fig. 1.— Diffuse parenchymatous involvement of the right lung. Lesser involve- 
ment of the left lung. 

Fig. 2.— Scattered areas of density through both lower lobes and left upper lobe. 

Fig. 3. — Large collection of fluid at right base. Small collection at left base. 

Fig. 4.— Perii'ascular infiltration with Ijmphogranulomatous lesion extending into 
lung parenchyma. 

Fig. 5.— Diffuse shadows e.xtending throughout both lung fields. 

Pig. 6. —Circumscribed nodule of lympbogranulomatoiis tissue. 

Fie. 7.— Fluid level in the left chest extending to the third rib. 

Fig. S.— Large smooth shadow in the region of the left hilus. 

Fig. 9.— Mediastinum clear. Infiltrating lesion e.xtending down to base of right 
lung. 

Fig. 10.— Increased peribronchial shadows producing increased linear shadows 
throughout the left lung field. Density at the right base. 

Fig. 11.— Peribronchial inBltration. Marked fibrosis in lower part of field. 




Fig. 4 


Fig. 6 










Fig. 11 
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Case 3— R. F., male, aged 56, was admitted, July 20, 1931, complaining 
of dyspnea of 2 years’ duration. Ten years before, he had noted swelling 
of the neck A gland was removed and a histologic diagnosis of Hodgkm s 
disease was made. In 1927, he had had some Roentgenotherapjr. For 
several years he had nocturnal attacks of orthopnea. Ph3^ical exaimnation 
on admission showed signs of bilateral pleural effusion. Fwrteen hundred 
cc. of clear yeUow fluid were removed from both, sides. Five days later, 
1850 cc. of fluid were removed from the right side. Chest films taken on 
July 28 showed a large collection of fluid at right base and a small collection 
on the left (Fig. 3). He received 2 Roentgen my treatments to the chest, 
following which there was no improvement in the patient’s sjanptoms. 
Death occurred on October 9, 1931. At necropsy, the left pleural ca^dty 
contained 5000 cc., and the right pleural cawty 4000 cc. of seropurulent 
fluid. The lungs w'ere normal in weight. There were small, w^hite foci 
scattered over the pleural surface. No other gross lesions w^ere noted. 
Microscopic examination of the lungs showed small areas of perivascular 
cellular infiltration. The cells consisted of lymphocjdes, endothelial cells 
and occasional giant cells. There were no eosinophils. No fibrosis (Fig. 4) . 

Case 4.~L. P., male, aged 30, was seen in consultation with Dr. Alex- 
ander Bartlett, of San Francisco, by one of us (E. H. F.). _ In December, 
1928, the patient was thought to be suffering from arthritis of the upper 
spine. In March, 1929, he developed a cough; and a chest plate taken at 
that time showed enlarged mediastinal shadows. From 1930 to 1931,’ he 
received periodical Roentgenotherapy to the chest. He was admitted to 
the hospital on December 8, 1931. Physical examination showed enlarged 
glands in the axiUa;. There was some impairment of the percussion note 
and breath sounds over the left side of the chest. A chest film taken, 
December 11, showed 2 circumscribed, rounded nodules in the left lower 
lobe. A diagnosis of metastatic carcinoma was made, A course of Roent- 
genotherapy was given and he was discharged on December 16, 1931. 
On December 26, he was readmitted, receiving another course of deep 
Roentgenotherapy. On January 2, 1932, he was discharged with no 
apparent change in his condition since the first entry. On January 23, 1932, 
he was again admitted. Between the present and previous entries he had 
been confined to bed because of severe dyspnea. Three days before 
admission, 2500 cc. of greenish fluid w'ere remoA^ed from the right pleural 
cavity. On January 26, 1800 cc. of greenish fluid were removed. Culture 
showed no growth. Pathologic examination of the cellular material from 
the fluid gave findings consistent with Hodgldn’s disease. A chest film 
taken at this time show^ed diffuse shadow's extending through both lung 
fields (Fig. 6). On January 28, histologic examination was made of a 
gland removed from the axiUa; the diagnosis was Hodgkin’s disease. The 
patient’s dyspnea was so extreme that after repeated tappings the possi- 
bility of a bronchial stenosis was entertained. Bronchoscopy, however 
showed no obstruction. Death occurred on March 18, 1932. ’ Necropsy 
showed the right pleural cavity to be filled w'ith blood-stained fluid." The 
right lung was collapsed and adherent on the anterior and posterior surfaces. 
It contained scattered areas of nodular consolidation, varjdng in size froni 
mediastinum was completely filled with similar nodules. 
Die left pleural cavity contained 800 cc. of clear, yellow fluid. The left 
king was studded with firm nodules similar to those seen in the right lung 
A'licroscopic examination showed marked congestion and edema There 
were very large circumscribed areas in which the lung architecture w'as 
completely lost. Practically no alveolar structure was made out In 
some places only a dense hyalinized fibrosis was present. In others fibrosis 
was ps marked and showed a cellular infiltration, while in still others 
a cellular mfiltrate predominated. The infiltration e.xhib^ted marS 
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pleomorphism and consisted of l3Tnplioc3des, endothelial cells, giant cells 
and occasional eosinophils. The giant cells were mononuclear and multi- 
nuclear. In some the nuclei were arranged about the peripher3% while in 
others they had a central arrangement. The nuclei were h3"percIu’omatic. 
A few mitoses were noted (Fig. 6). 

Case 5.— C. R., male, aged 49, in November, 1931, noted swelling of the 
neck. In April, 1932, a diagnosis of Hodgkin’s disease was made 63'- histo- 
logic e.xamination of a gland. A chest film taken, Ma3’' 19, showed a few 
dense parench3'matous shadows of small size in the right upper lobe. 
Between April and Jul3L 1932, he was given 10 Roentgen ray treatments. 
In August, he was admitted to the hospital complaining of pressure on the 
throat, interfering with breathing and swallovdng. He also complained of 
sharp pain in the left side of the chest associated with d3'spnea, and an 
unproductive cough which had been present for 3 weeks. Plysical exam- 
ination showed signs of fluid in the left pleural cavit3'', extending to the 
level of the third rib (Fig. 7). On August 6, 2000 cc. of clear, 3'-ellow fluid 
were removed from the left pleural cavit5L On August 11, a chest film 
showed widening of the mediastinum above the aorta and peribronchial 
infiltration in the left lower lobe (Fig. 10). On this admission, cutaneous 
nodules were found which histologic examination proved to be lesions of 
Hodgkin’s di.sease. Death occurred on October (5, 1933. 

Case O.—W. M., male, aged 36, in August, 1928, complained of itching. 
In Januai-y, 1929, examination disclosed a t3'pical urticarial rash and some 
enlarged 13’mph nodes in the right suj)racla\dcular region. In February, 
1929; a diagnosis of Hodgkin’s disease was made from histologic examination 
of a l3Tnph node. A Roentgen film, taken April 2, 1930, showed a large, 
smooth shadow in the region of the left hilus (Fig. 8). He had several 
courses of Roentgenotherai53L In June, 1930, on enlarged gland was found 
in the left axilla. In September, small, shotty glands appeared in the ante- 
rior triangle of the left side of the neck. In April, 1931, he first began to 
cough. A Roentgen film, taken September 3, showed an infiltrating lesion 
extending from the right hilus to the base of the right lung (Fig. 9). In 
November, thoracentesis of the right chest was performed and 1500 cc. 
of serosanguineous fluid removed. This was repeated several times before 
death occurred, in January, 1932. _ ■ _ 

Case 7. — H. V., male, aged 25, in April, 1933, noted a dull, aching pain 
across the lower back. At the same time glandular enlargements appeared 
in the neck, axillae and groins. This was followed b3^ fever, anore.xia, 
malaise and loss of weight. Since the onset of the illness, he has had 
dyspnea and productive cough. He was admitted to the hospital on 
March 1, 1934. Ph3’-sical examination showed the presence of fluid in 
both pleural catties. A Roentgen film taken on March 2 showed increased 
densit3'- in the peribronchial structures leading from the left hilus to the 
base. Thoracentesis was performed on March 15. A clear, 3'’ellow fluid 
was obtained. A pleural friction rub was heard in the right lower axilla 
on March 20. On April 10. the patient complained of precordial pain, and 
a pericardial friction rub was elicited. Five doses of P ■ ' . ” ' " ; 

were given over the chest. The patient was discharged ■ ■ ' ■ , ■ ■ " 

He was readmitted. May 29. ndth nausea and vomiting, marked d3’-spnea, 
productive cough and pain across the front of the chest. Ph3^sical exam- 
ination showed signs of fluid at both bases, with displacement of the 
mediastinum to the right. From May until August, repeated thoracenteses 
were performed and large amounts of serosanguineous fluid withdravm. 
A chest film, taken August 2, 1934, showed increased peribronchial shadows 
throughout the left lung (Fig. 10). The condition was aggravated by 
marked abdominal ascites, a failing heart and renal insufficiency. Death 
occurred on August 25, 1934. Necropsy findings: Pleural cavities were, 
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Med wtli'tlM grayish fluid which compressed the lungs until they occupied 
about one-fourtti of the chest cavity. There were a few filmy adhesions 
at the left apex and at the right base posteriorly. The parietal pleura was 
studded with white nodular infiltrations. The bronchomediastinal nodes 
were enlarged, and on cut section showed fibrosis and occasional hyper- 
plastic, glandular areas. Both lungs were markedly compressed. The 
nght weighed 380 gm. and the left 410. There were manj^ small, rounded, 
yMow nodules in the parenclijuna of the left lung, particularly in the 
bronchial regions. The right lung showed a small area of atelectasis at the 
base. Microscopic examination showed peribronchial, and to a lesser extent 
perivascular, fibrosis. ' These fibrosed areas contained numerous lympho- 
cytes, neutrophils, eosinophils and reticular cells. Occasional Sternberg- 
Reed cells were found (Fig. 11). 


Summary. The conclusions from our studies are in accordance 
with those of other students of this disease ivho have been interested 
in the incidence of pulmonary involvement. If 37.6%, which is 
an approximate incidence of pulmonary involvement as shown by 
Table 1, should hold in larger series, then pulmonary Hodgkin’s 
disease is not rare. The ratio of pulmonary involvement to the 
total number of cases of Hodgkin’s disease wnuld actually, work out 
to be relatively high. 

Five of the 7 cases showed pleural effusion. This is 71 %, which 
is somewhat higher than one would expect to find in a larger series 
of cases. Three of these cases with pleural effusion showed pleural 
lesions, due to Hodgkin’s granuloma, at autopsy. We were unable 
to form an adequate idea, from our small series of patients, of the 
average tenure of life after pulmonary involvement is definitely 
ascertained. • 

We are preparing a report, to follow this study, dealing with 
pulmonary involvement in patients with lymphosarcoma and 
leukemia. This should prove interesting from the standpoint of 
comparison. 
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PLASMA CELL LEUKEMIA. 

A Consideration op the Literature With the Eeport 

OF A Case. 
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Harvard Medical School.) 

Although more than 400' cases of plasmacytoma* have been 
recorded in the literature, the finding of plasma cells in the periph- 
eral blood in this disease seldom has been mentioned. Aschoff,^ 
in 1906, was the first to describe such a condition. Lindh-Muller 
and McNaughton,^ in 1931, reviewed 6 reports of plasmacytoma 
with the blood picture of plasma cell leukemia and added observa- 
tions on 2 more cases. In 1934’' Osgood reported such a case, and 
another has been recorded recently at the Massachusetts General 
Hospital.® Thus, of a total number of 1 1 cases, 4 have been observed 
in this community during the past 4 years. ^^Tiereas it is a rare 
condition, we venture to predict that the disease occurs more often 
than commonly is appreciated. Since it is readily diagnosed when 
suspected, it has seemed worthwhile reporting an additional case of 
plasmacytoma with a blood picture of plasma cell leukemia. 

* The term plasmacytoma is used to express plasma cell tumors described by the 
names of plasmoma and multiple myeloma. 
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- Case Report, An American liousennfe of 60 entered the Irospital in 
December, 1934:, complaining of pain in the right chest. Except for chronic 
constipation she had always been in robust health. During the previous 
year she had tired easily and had suffered fleeting pains in the back and 
shoulders. For about S weeks she had experienced recurrent pains, hrst 
in the right and later in the left chest, which recentlydiad become so sharp 
and constant that she took to bed. Deep breathing or change of posture 
in any direction intensified her discomfort. Because of the pams, iaiiing 
strength and loss of appetite she sought medical care, j j 

On examination, this gray-haired woman appeared to be pale and tired. 
The breathing was shallow but not labored. Over the shoulders and upper 
thorax anteriorly several purpuric spots were visible. No bone tenderness 
was elicited. The pupils, fundi, and sclerie of the eyes w^ere normal. The 
teeth were carious. The tongue was coated and d^. There was no pal- 
pable lymph node enlargement. Percussion resonance was somewhat 
impaired over the right lower thorax. Spotty areas with bronchial breath 
sounds and diffusely scattered moist r41es were heard in both lungs. Except 
for a soft systolic murmur at the mitral valve area, the heart sounds were 
not abnormal. The blood pressure was 160 s3^stolic, 80 diastolic. Exam- 
ination of the abdomen, pelvis and rectum revealed no abnormality. 
Reflexes were normal. 

• The initial blood counts were: red blood cells, 3,130,000 per cmm.; 
white blood cells, 21,800; hemoglobin (Sahli), 63%. On discovering 27% 
plasma cells in the blood smear, a diagnosis of plasmacytoma was sug- 
gested and roentgenograms were taken. _ They were reported as follow's: 

Thorax. Cloudy density lower half right lung field. 

Lwnhodorsal Spine. Osteoporosis with wedge-shaped deformity of the 
tenth and twelfth dorsal and of the first lumbar vertebrae. • 

Skull. Many small punctate holes in the left lateral aspect of skuU, 


Table 1.— Blood Findings in Case op Plasma Cell Leukemia. 


Date. 

R. B. C. 
per cmm. 

Hgb., 

%- 

W. B, C. 
per cmm. 

• 

Differential leukocyte count, %. 



Neutro- 

phils. 

Lymph- 

ocytes. 

Atypical 

plasma 

eelis. 

Plasma 

cells. 

Mono- 

cytes. 

Eosin- 

ophils. 

Baso- 

phils. 

Myel- 

ocytes, 

12128/34 . . 

3,130,000 

63 

21,800 

47.5 

22.0 

3.0 

24 

2.5 

1.0 

0 n 

n n 

•i/ Z/dO 

2,725,000 

56 

17,000 

50.0 

24.0 

2.0 

IS 

3.0 

2 5 

0 n 

n .5 

1/ 4,/35 . 

2,830,000 

57 

14,150 

36.5 

22.5 

6.5 

24 

3.5 

3 5 

n n 

3 .5 

IJ y/35 . 

1,960,000 

50 

21,000 

52.0 

19.5 

8.0 

12 

4.0 

i.6 

6!$ 

3 0 

1/11/35 . 



50,150 

34.0 

19.5 

10.0 

33 

2.0 

0.0 

0.0 

1.5 


Laboratory Findings, Of chief interest were the blood counts listed in 
Table 1. The hematocrit indices of the red cells were essentially normal. 
The platelets were reduced in number. The urine contained a large trace 
of albumin and frequently showed Bence-Jones’ protein. The urine sedi- 
m^t consisted of a few red blood cells, white blood cells and granular casts. 

The calcium and phosphorus contents of the blood were normal. The 
non-protein nitrogen of the blood varied from 60 to 76 mg. on three deter- 
minations. The total proteins of blood serum varied from 11.3 to 11 9 gm 
per 100 cc.; the albumin fraction from 2.87 to 3.2 gm.; the globulin fraction 
™ 8,8 gm.; while the fibrin content remained normal. The 
Dlood llahn reaction was negative. 

Course. Durmg her stay in the hospital the patient became progressively 
weaker. An imtial temperature of 102° F. subsided to normal on the 
second day, where it remamed for 2 weeks. The pulse varied from 80' to 
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90 beats per minute. On the 7tli day many neiv purpuric spots appeared 
over the thorax,, back and forearms. On the 12th day there was blood 
oozing from the nose and gums. The signs referable to the lungs remained 
those of bronchopneumonia. The spleen and liver were not palpable. On 
the 14th daj’’ the temperature mounted suddenly to 102° F., and the 
patient became comatose and died. The clinical diagnoses were: plasma- 
cytoma; plasma cell leukemia; bronchopneumonia. 

Postmortem. Examination. The bod}"^ was that of a well developed, fairly 
well nourished elderly white woman. Ecc]i 3 unotic areas of varying size 
were seen in the skin over the left hand and wrist, thighs, left groin and 
over both pectoral regions. The serous ca^^ties were not remarkable except 
for firm fibrous adhesions at both lung apices and at the midportion of the 
right lung. The heart showed no gross abnormaIitJ^ Over both pleurie 
were seen a number of scattered elevated gray-white nodules 1 to 2 mm. 
in diameter, surrounded by a dark hemorrhagic zone. The cut surface of 
the lungs suggested the changes of bronchopneumonia. 

The spleen was moderatelj'’ enlarged, weighing 325 gm., and increased in 
consistence. The gastro-intestinal tract was normal except for a few 
scattered submucous petechia. In the tail of the pancreas was a soft, 
reddish-brown nodule 1.5 cm. in diameter. The liver weighed 1450 gra. 
and showed no gross changes. The kidneys weighed 300 gm. and were 
pale brownish-graj'- with a few hemorrhagic areas in the pjTamids and 
cortex. The cancellous bone of sternum, ribs and vertebra was thin and 
soft. There were no circumscribed tumor masses. The bone marrow in 
these areas was soft and reddish-browm. The tibial marrow contained 
yellow fat tissue. 

Microscopic examination revealed no important changes in the heart or 
lungs. There' was diffuse infiltration with plasma-like cells in the spleen 
and the liver, both in sinusoids and periportal areas. This also occurred in 
the kidnej's, particularly in the interstitial tissue as well as in the pelvis 
and peripehde fat, the abdominal Ijmiph nodes, and in the bone marrow 
of the sternum, ribs, vertebrae and femurs. In tlie nodule in the tail of the 
pancreas was found a collection of plaspia cells which were seen to invade 
the adjacent noraal tissue. 

The pathologic diagnoses were: (1) Findings consistent with multiple 
myeloma invohnng sternum, ribs, vertebrae and femur; (2) plasma cell 
leukemia; (3) plasmacytoma of the pancreas; (4) pj’-elonephritis; (5) 
bronchopneumonia . 

Discussion. One essential criterion for the diagnosis of plasma 
cell leukemia is the constant finding of plasma cells in the blood. 
These are oval or round cells ivhose characteristic nucleus is iden- 
tified bj- its eccentricity, a nucleolus, dense wedge-shaped chromatin 
masses along the nuclear membrane and a perinuclear pale area. 
The cytoplasm is basophilic and it maj- be finely granular or, if 
degenerated, vacuolar and foam.y. In plasma cell leukemia not 
all cells correspond to this mature type. There also may be cells 
with centrally located nuclei and some forms barely distinguishable 
from hTOphocytes. 

Plasma cells appear in the blood stream in rubeola and rubella, 
and a few such cells are noted sporadically in other conditions as 
“myeloma” without leukemia, m.veloid leukemia, metastatic car- 
cinoma, and Hodgkin’s disease. However, the persistent presence 
of a considerable number of such cells in the blood of an adult 




Fig. 1. — Photomicrograplis of plasma cells with polynuclears from the patient’s 
blood before death. 1, Typical plasma cell with eccentric nucleus containing nucle- 
olus and heavy chromatin masses ( X 1800). 2, Binuclear plasma cell and neutrophil 
(X 1100). 3, Young plasma cells whose nuclei are less coarsely fragmented — less 
typical than Fig. 1 (1) (X 1100). 4, Three plasma cells and two neutrophils. The 
single plasma cell in upper left field shows chromatin clumping. The nuclei of the 
other two cells, however, are more homogeneous in texture, resembling young lympho- 
cytes (X 1100). 
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person with the clinical picture of chronic disease is practically 
pathognomonic of the presence of plasmacytoma with plasma cell 
leukemia. In the case presented in this report provisional diagnosis 
was made from study of the blood smears, later to be confirmed by 
roentgenograms, Bence-Jones proteinuria, and high seruna protein. 

Exception may be taken to the term “leukemia” for this disease 
since the number of plasma cells in the blood is not very large and 
since the total white blood cell count, with few exceptions, is no 
higher than that occurring with moderate leukocytosis. However, 
the same may be true of myeloid leukemia. The term “leukemia” 
in these cases is justified since the condition is essentially a disease 
of the blood associated with changes in the spleen, liver, bone marrow 
and lymph nodes and characterized by a diffuse infiltration of the 
ceil type throughout the body. Moreover, the clinical course of 
these cases resembles the course of other t;^"pes of leukemia. 

In Tables 2 and 3 are grouped the significant data of the reported 
cases of plasma cell leukemia. All of these exhibited diffuse infil- 
tration of the type cell but few had impressiimly elevated white 
blood cell counts. Case 1 of Ghon and Roman'^ was included 
to illustrate what might be called “aleukemic plasma cell Ijraph- 
adenosis.” Other cases of this type have been recorded.^®' In 
several cases''"^ the white blood cell rise and the appearance of 
plasma cells occurred only a few days or hours before death, as if 
' it were an agonal e.xpulsion of such cells. These episodes may be 
considered to represent a leukemic phase of leukemia wdiich, through 
its early course, had been aleukemic. In 4 cases there were associated 
multiple myelomata;^' ® in our case an extraosseous plasma- 
cytoma; in 6 other cases-' no associated tumors wmre 

found at autopsy. 

Piiiey^® and Osgood'^ emphasized the peculiarity of their cases as 
being instances solely of plasma cell leukemia because of the lack 
of associated tumor and of Bence-JoneS proteinuria. However, this 
seems to us a needless academic nicety. The dift'use infiltration 
throughout the body wuth plasma cells occurring in the other 
reported cases warranted the diagnosis of leukemia -whether there 
was an associated tumor or not. Moreover, in this disease, unless 
meticulously complete Roentgen ray study and search at autopsy’- 
for plasmacytoma are made, one may not confidently- exclude the 
presence of Tumors.” In neither Piney’s nor Osgood’s reports 
were such examinations available. Since Bence-Jones’ proteinuria 
occurs in about 60% of the cases of plasmacy-toma and since it 
occurs in other affections of bone marrow such as myeloid leukemia 
and metastatic carcinoma, its presence is merely confirmatory and 
not diagnostic of plasmacytoma (multiple myeloma). Certainly 
its absence is no criterion for the diagnosis of plasma cell leukemia 
as those -authors contended. In our case Bence-Jones’ proteinuria 
was. present on some days and absent on others. It is not generally- 
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appreciated that one or two examinations are insufficient, and that 
marked fluctuations in this test may occur during 24 hours. 

The finding of both plasmacytoma and leukemia in the case now 
reported appears to confirm the theory advanced by Lubarscn 
and Pappenheim,^® emphasized bj' Ghon and Roman and others, 
and reiterated by Jackson, Parker and Bethea^^ that there are 
comparable gradations in plasma cell tumors analogous to lympho- 
mata. Thus there may be single and benign or multiple and rela- 
tively malignant plasma cell tumors. There may be a diffuse 
cellular infiltration throughout the body, and this in turn may 
proceed with or without changes in the peripheral blood stream. 
Moreover, as in certain of the reported instances, several forms 
may coexist. 

We wish to reassert the desirability of regarding this plasma cell 
tumor (plasmacytoma) as a pathologic entity whose different forms* 
are 'not distinct diseases, but are simply gradations in extent and 
activity of the same disease process. 

Summary. A case of plasmacytoma with plasma cell leukemia is 
reported together with a brief analysis of 11 such cases recorded in 
the literature. 

It is believed that the plasma cell tumor should be regarded as 
a pathologic entity whose different forms are simply gradations in 
extent and activity o': the same disease process. • 
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Bleeding in idiopathic purpura hiemorrbagica lias long been 
known to be accompanied by thrombocjTopenia.^- - When the 
blood platelets become reduced to a sufficiently low level, capillary 
hemorrhages appear in the skin following slight trauma or venous 
stasis, the bleediug time is increased, and there is a failm'e of the 
clot to retract. Since it is generally accepted that tlie blood plate- 
lets play an important role in thrombus formation and clotting, 
this deficiency, in addition to increased fragility of the capillaries, 
is used as a possible explanation for the development of purpura. 
There is little to be found in the medical literature, however, on the 
favorable influence of therapeutic procedures on platelet production 
in this disease. Kaznelson® demonstrated in 1916 a thrombocytosis 
following splenectomy. Since then, drugs, some possibly of minor 
importance, which have been employed with supposedly beneficial 
results, are foreign protein-shock therapy, liver extract, both by 
mouth and parenterally, iron, ergot, snake venom,’*’® ascorbic acid® 
and many others. Remarkably few studies, however, have been 
reported on the eft'ect of Roentgen ray radiation on the number 
of circulating blood platelets in idiopathic thrombocytopenic pur- 
pura. Buckj’ and Guggenbeimpr^ claim to have demonstrated a 
rise in blood platelets following stimulative doses of Roentgen ray 
over the spleen. Other reports®- ® do not contain actual platelet 
counts, but present evidence showing cessation of hemorrhage in 
patients for varying periods of time after radiation, and thus lend 
support to the value of this form of therapy. AlarzuIIo,*® on the 
contrary, failed to find significant clinical improvement in his 
patients after Roentgen ray therapy and stated that in 1, notwith- 

* Supported by a grant from the Christine Broon Fund for Medical Research. 

t Road before the American Society for Clinical Investigation, Atlantic City, 
May 6, 1935. 
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standing cessation of hemorrhage, the platelets did not rise above 
100 000 per c.mm. In addition, the recent reports^ of various ^ 
authors'i''-i3 on the treatment of purpura luemorrhagic omit any 
discussion on the effect of Roentgen ray radiation. In view of the 
fact that there has been some controversy oyer the emcacy of 
Roentgen ray treatment on patients with idiopathic purpura 
hiemorrhagica, and since the platelet deficiency is of considerable 
importance in the causation of hemorrhage, it seemed to us desirable 
to make a careful estimation of the platelets in the circulating blood 
of patients with this disease before and after the administration 
of a known Roentgen ray dosage. , ' 

Method of Study.— Seven patients, 4 females and 3 males, varying 
in age from 4 to 67 years, comprised the series for this study. The 
criteria used in the diagnosis of purpura heemorrhagica were the 
spontaneous appearance of petechial hemorrhages and ecchymoses 
in the skin; an increased capillary fragility; prolonged bleeding after 
puncture of the lobe of the ear; a failure of the clot to retract; and 
a marked reduction in the number of platelets. The patients could 
be divided into 3 groups, depending upon duration and severity of 
symptoms. Four of the patients had acute recurring thrombocyto- 
penia with purpuric symptoms, 2 had chronic thrombocytopenia 
with recurring purpura and 1 patient had an acute fulminating type 
of purpura. 

Platelet counts were done dailj^ while the patients were in the 
hospital for treatment and at intervals of approximately 1 week 
to 1 or more months after discharge. The platelets were counted 
after the manner described by Rees and Ecker.^'* The fluid used 
for dilution was prepared according to the directions recommended 
by these authors and was filtered each time before use. A pipette 
calibrated for the enumeration of erythrocytes and certified for 
accuracy by the U. S. Bureau of Standards was used in the deter- 
mination of the number of platelets per cubic millimeter of blood. 
After dilution the pipette was shaken for 5 minutes, the counting 
chamber loaded, but actual counting was not done until 10 minutes 
had elapsed to permit sedimentation of the platelets. The erythro- 
cytes and leukocytes were counted in the usual manner. The 
hemoglobin determinations were made on the Sahli hemometer 
calibrated to read 14 gm. to 100 cc. of blood. 

The determination of capillary resistance was estimated by the 
use of a sphygmomanometer with tlie cuff inflated to a pressure 
just below the systolic and sustained for 5 minutes. A definitely 
positive result was recorded if innumerable petechial hemorrhages 
appeared in the skin of the forearm. 

During the period of Roentgen ray administration all other 
forms of therapy which might influence platelet production were 
omitted. In treating these patients the following factors were used : 
200 kilovolts, constant potential; 15 milliamperes; target skin dis- 
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tance of 50 cm., composite filter consisting of 0.2 mm. of tin, plus 
0.25 mm. of copper, plus 2 mm. of aluminum. 

Using the above factors, the apparatus delivers 2S.2 roentgens 
per minute, measured 'ivithout backscatter. The size of the field 
used on the patient’s skin varied with the size of the patient and 
the size of the spleen. The smallest was 10 l^.y 10 and the largest, 
10 by 20 cm. The rays were directed toward the spleen from the 
front, from the back and from the side. One field a day was used. 
The daily dose A'aried between 200 r. and 300 r., with a total of 
from 1200 to 3300 r. in 6 to 15 days. 

Effect of Roentgen Ray on Platelet Production in Acute Recur- 
ring Thrombocytopenia. The 4 patients in this group showed 
a definite increase in their circulating blood platelets following 
Roentgen ray radiation over the spleen. It is to be noted in Figs. 1, 
2 and 3 that the platelet response was prompt, and began within 
24 to 48 hours after treatment was started^. In 2 patients receiv- 
ing a total of 1200 r. units (Figs. 1 and 3), the platelets rose from a 
level of less than 40,000 before treatment to that of 300,000 or more 
per c.ram. during the period in which the 10 da 3 ’-s’ treatment was con- 
tinued. In another patient (Fig. 2), less intense treatment, namely, 
a total of 800 r. units, was given and a lapse of approximatel 3 ^ twice 
this period of time occurred before the platelets attained a high 
peak. In Protocol 4 are the data on a female patient, aged 9 j'ears, 
whose recurring purpura had been previousl}'- controlled by trans- 
fusions. After Roentgen ray therapy to the spleen, this young 
patient had a rise in blood platelets from a Ie\'el of about 100,000 
to 500,000 per c.mm, followed b.y a cessation of bleeding. 

Coincident with the platelet response, it is to be noted in the 
protocols that there was a gradual lessening of the hemorrhagic 
tendency and a subsequent return to normal of the clotting mechan- 
ism. In addition, in 3 patients who had had increased fragilit.v 
of the capillaries prior to treatment, the tourniquet test showed a 
negative response 10 da^’s after treatment was first started. 

It is of interest to note in Fig. 1 that a decrease in platelets 
occurred after treatment was stopped and progressed to a marked 
tliromboejqopenia. A recurrence of purpuric symptoms occurred 
in this patient (Case 1) 7 months after the first attack of purpura. 
At this time a second course of Roentgen ray was given to the spleen 
and consisted of a total dosage of 1800 r. units administered over 
a period of 12 days. Again there was a prompt rise in platelets 
from a level of about 40,000 to over 300,000 per c.mm. within ten 
days. 

A recurrence of thrombocytopenia and bleeding also occurred 
in the patient whose data are recorded in Fig. 3. A total second 
dosage of 3500 r. units was given to the spleen over a period of 
12 days and was accompanied by a thrombocytosis and a disappear- 
ance of spontaneous bleeding. This patient had been . taking 
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Sedormid just prior to both the-first and second attacks, which may 
be of some etiologic significance^® A photograph of a stained film 
of the blood from this patient showing the absence of platelets is 
reproduced in Fig. 4 and another showing their reappearance after 
Roentgen ray radiation is reproduced in Fig. 5. 

The subsequent course of the platelets in 2 of the patients is also 
shown in Figs. 1 and 2. In the first patient the platelets have 
remained above 300,000 per c.mm. for 3 months, and in the second 
patient, above this level for 7 months. 

It is to be emphasized that a second favorable response in 2 
patients following Roentgen ray radiation over the spleen lends 
considerable support to the idea that this form of therapy in ade- 
quate dosage does increase the number of circulating platelets. 



Fig. 1. — Effect of Roentgen ray radiation over the spleen on a patient (Case 1) 
vdth essential thrombocytopenic purpura hemorrhagica. Note the recurrence of 
thrombocytopenia and a second response to treatment. 


Protocol. Case 1.— A. D., a white American woman, aged 24 entered 
the University of California Hospital, April 3, 1934, stating that 2 months 
prior to hospital entrj^ she had noticed the spontaneous occurrence of 
small hemorrhagic spots in the skin of the left breast. Since then, punctate 
purpuric spots had appeared at various places on her body. Associated 
vuth this was a marked tendency to bruise easily. Recently there had 
been slow pozmg of blood from the gums and 4 brief periods of epistaxis. 
Curing this time her menses had been more profuse than usual. There 
was no history of the use of drugs, infections, or the association with chemi- 
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cals which might account for this hemorrhagic tendency. She liad par- 
taken of a well-balanced diet, including an abundance of vitamin C in 
fresh fruits and vegetables. 

Physical Examination. On admission she appeared faiidy well nourished 
and developed. There were_ small purpuric spots distributed over the body 
and there was a slight oozing of blood from the gums. There were no 
palpable lymph nodes in the cerweal, axillary or inguinal regions, but there 
was slight splenic enlargement. 

Laboratory Data. E.xaminatioix of the blood showed: Er)dhroc3des, 

4.160.000 ixer c.mm.; white blood cells, 5500 per c.mm.; and a hemoglobin 
concentration of 97% (13.6 gm., Sahli). The platelets were 112,000 per 
c.mm.; bleeding time, 25 minutes; clotting time within normal limits, but 
there was failure of the clot to retract. The tourniquet test was strong^ 
positive for the appearance of petechial hemorrhages after 5 minutes’ 
application. 

Course of Illness. IVithin 9 da.ys of hospital entrjf^ tlie platelets had 
dropped to 30,000 per c.mm., and b}' this time the patient had developed 
a slight hj'pochroraic anemia. A high-protein diet was prescribed, calcu- 
lated to jdeld 4 gm. of protein per kilogram of bod,v weight. Bleeding 
became more profuse from the gums, epistaxis a])]xeared, and large ecchy- 
moses developed in the skin. Nine daj's after entiy Roentgen ra}' treatment 
was started, and 6 exposures were given over a period of 12 daj-s, at the 
end of which time bleeding had entirelj" subsided. The patient was dis- 
charged from the hospital, April 2, 1934, at which time the platelet count 
was 300,000 per c.mm. 

On Nor'ember 30, 1934, there was a slight recurrence of the hemorrhagic 
tendency, and at this time the platelets were 60,000 ]>er c.mm. Over a 
period of 12 daj'-s 1800 r. units were administered and again the platelets 
rose to 300,000 per c.nun. The subsequent course of the platelets is 
recorded in Fig. 1. 

Case 2. — D. R., a udiite unmarried female, aged 23, U'as admitted to 
the Universitj'’ of (California Hospital, September 19, 1934, complaining of 
epistaxis and bleeding gums of 4 months’ duration. Tliree years prior to 
entr}'' she had several episodes of epistaxis, prolonged bleeding when cut, 
menorrhagia, and bruised easOj"- with slight trauma. After a few months 
this tendency to bleed lessened until the present illness. In the past she 
had had frequent coryza, occasional infection in the throat, and for manj'- 
j'ears had recurring acne scattered over her body. She had not used drugs 
nor had she knowing^ been exposed to chemicals which might account for 
her condition. She had subsisted on an adequate diet. 

Physical Examination. The patient was well developed and nourished. 
There was no apparent infection of the throat, but there were some small 
acneform pustules in the skin of the face and back. No enlarged super- 
ficial Ijunph nodes could be felt. The tip of the spleen was felt 2 cm. below 
the left costal margin. There were some bloody incrustations in the right 
nostril and some recent and fading ecchjmioses in the skin of the lower 
extremities. The application of the splygmomanometer vuth the cuff 
inflated to a pressure just below the sj’stolic showed the pi-esence of large 
numbers of petechia? in the forearm at the end of 5 minutes. 

Laboratonj Data. Examination of the blood showed; Erjdhrocytes, 

4.310.000 per c.mm.; hemoglobin, 66 % (9.2 gm., Sahli); leukocytes, 
9000 per c.mm. The bleeding time was slightly prolonged and retraction 
of the clot did not occur until the end of 12 hours. 

Course of Illness. Between September 24 and October 3 the patient 
received 4 Roentgen raj’’ treatments over the spleen, with a total dosage 
of 800 r. units. Tu^enty daj'-s after treatment was started tlie platelets 
were 210,000 per c.mm., the bleeding time 3 minutes and the clot retraction 
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normal Six months after treatment the platelets were 42^000 per c.mm. 
The course of the platelets in this patient are recorded m Tig. 2. 



Fig. 2. — A slightly delayed reaction in a patient (Case 2) recemng less intense 

radiation. 


Case 3.* — M. C., an Italian female, aged 67, had been under the care 
of her physician for essential hypertension, arteriosclerosis and diabetes 
mellitus. Medication had consisted of insulin, digitalis folia and Sedormid 
tablets for pain. Her first entry into the hospital was November 18, 1934, 
at -which time she complained of hemorrhagic spots on her legs and bleeding 
from the gums of 2 days’ duration. The day prior to entry she had noticed 
blood in the urine. She had never noticed a hemorrhagic tendency until 
the present illness. 

Physical Examination. The patient ivas moderately obese. There 
was no apparent ulceration of the pharyngeal structures. No large lymph 
nodes could be felt. The spleen was not palpable on deep inspiration. 
There were scattered purpuric spots and ecchynnoses over the entire body 
but particularly^ on the arms and legs. There were petechial hemorrhages 
on the conjunctival and a small amount of blood was oozing from the nasal 
passages and from the gums. The tourniquet test.rvas strongly positive 
for capillary hemorrhages. 

* We express our thanks to Dr. John Sampson for permission to study this patient. 
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Laboratoi'y Data. Examination of the blood sliowed; Erythrocytes, 
4,470,000 per c.mm.; leukocytes, 10,800 per c.mm.; platelets, 40,000. The 
clotting time was 25 minutes and the clot failed to retract. 



/93-f NOV DEC. mSTAK 
BX'Rsy fhewpyia spleen. 


Fio. a. — Effect of Roentgen ray radiation of the spleen on a i)atient (Case 3) wth 
recurring throrabocytojjenia believed due to Sedormid sensitivity. 

Course of Illness. Roentgen ray therapy over the spleen was started on 
the day of entry, and after 6 exposures, 1 given on each successive day, 
the platelets had risen to 300,000. Application of the sph 3 ’’gmomanometer 
failed to show the presence of petechial hemorrhages. The bleeding ten- 
dencj^ disappeared and the patient was discharged from the hospital, 







Fig. 5. — A typical field of a blood smear from Case 3 after Roentgen ray radiation. 
Note the presence of large numbers of platelets. 




IRRADIATION IN THROMBOCYTOPENIC PURPURA lUEMOREHAGICA 801 


November 30, at which time the platelets were 468,000 per c mm Bl^d- 
inK time was Ih minutes and there was normal retraction of the clot, ine 
patient was seen on January 4, 1935, when agam she showed marked 
bleeding from mucous membranes and into the skin. The platelets were 
30 000 per c.mm. The bleeding time was longer than 25 nmutes aud 
there was failure of the clot to retract. It was learned that she had started 
taking Sedormid tablets just prior to the onset of this second episode of 
bleeding. Roentgen ray therapy was started on J anuary 7 , and the patient 
was mven treatment over the spleen daily for a total of 11 exposures,^ or 
3300 r. units. On January 8, the platelets were 300,000; the bleedmg 
time, ^ minutes, with a normal retraction of the clot. Data showmg 
Roentgen ray therapy and the course of the platelets in this patient are 


shovm in Fig. 3. . • 

Case 4.— V. D. S., a schoolgirl, aged 9, entered the San Francisco Hospi- 
tal, May 5, 1935, because of bleeding from the mouth and hemorrhages in 
the skin of the abdomen and legs. She had had 2 previous hospital admis- 
sions at about 10 months’ intervals. On these occasions her sypiptoms 
were similar and her blood platelets were about 85,000 per c.mm. A 
diagnosis of thrombocytopenic purpura was made. Treatment consisted 
of the intravenous administration of whole blood followed by a subsidence 
of her S 5 miptoms. The child had been fairly weU until the present entry, 
except that she had noticed slight bleeding from the gums on occasions. 
On the day of entry she developed profuse bleeding from the gums and 
several hemorrhages appeared over her body. There was no history of 
medication or exposure to chemicals which might account for the bleedmg. 
She had eaten on the average of 1 orange a week. 

Physical Examination. The patient was well nourished and developed, 
active, cooperative, intelligent and resting quietly in bed. There were no 
demonstrable enlargements of the lyrnph glands and the spleen was not 
palpable. _ There was no evidence of infection. Blood was oozing slowly 
and continuously from the gums, and there were many petecWal and 
ecchymotic hemorrhages scattered over the body. 

Laboratory Data. The red blood cells were 4,200,000 per c.mm., and 
the leukocjdes 8600 per c.i^., with a normal differential count. The 
hemoglobin was 80% (Sahli). _ A specimen of venous blood clotted in 
7 minutes, but there was a failure of the clot to retract. Following a 
puncture of the ear, bleedmg continued for 32 minutes. The platelets 
were about 100,000 per c.nun. 

Course of Illness. The patient received Roentgen ray treatment over 
the spleen consisting of 200 r. units daily, alternating anteriorly and poste- 
riorly for 8 days, making a total of 1600 r. units. Seven days after treat- 
ment was started, the laboratory data showed the bleeding time to be 
reauced. to 8 minutes and the platelets increased to 500,000 per c.mm. One 
week later the laboratory data were essentially the same. 


Effect of Roentgen Ray Therapy on Patients With Chronic Throm- 
bocytopenia With Recurring Purpura. The course of illness in 2 of 
our patients was characterized by recurring purpura and various 
iorms of treatment for the control of bleeding had been tried off 
and on_ over a period of 1 or more years. Such therapeutic agents 
Mere given as daily injections of liver extract (3,43 NNR), large 
doses of iron by mouth (iron and ammonium citrate, U. S. P., 6 gm. 

ally), calcium by mouth and a diet liigh in calcium, spleen marrow’ 
lextron, pentnucleotide and multiple transfusions. The best results 
so far as cessation of bleeding was concerned, w^ere obtained from 

VOL. 191, NO. 6.— JUNE, 1936 28 
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repeated transfusions, but Avitli any of the methods there Avas -little 
or no actual increase in the total number of platelets. 

In Fig. 6 are shown a summary of the treatment and the graphic 
presentation of the platelets of a patient (Case 5) Avho was observed 
over a period of 22 months. The platelets during this time A^aried 
between 40,000 and 80,000 per c.mm., going as high as 120,000 on 
one occasion after 3 transfusions of whole blood. It is to be noted 
in the figure that folloAAung Roentgen ray treatment OA'^er the spleen 
this patient’s platelets rose to a peak of 270,000 per c.mm. Coin- 
cident with this, the loss of blood from the gums stopped and the 
petechial hemorrhages Avhich had accompanied the thrombocyto- 
penia gradually faded. In addition, a specimen of blood coagulated 
AAUthin normal time and soon after developed a firm retractile clot. 
It is of interest to note, however, tliat the platelets did not remain 
at a high leA’el, but 6 Aveeks after treatment Avas first started had 
returned to a Ioav figure of 120,000 per c.mm. • 

The diagnosis of the disease from Avhich this patient (Case 5) 
and the folloAA'ing one (Case 6) suffered is not clear-cut, but the 
data suggest that of chronic thrombocytopenic purpura with 
anemia, rather than chronic aplastic anemia, aleukemic leukemia, 
or depressed marroAv function as a result of infection or neoplasm. 

In Fig. 7 is recorded the course of the platelets in a patient 
(Case 6), aged 4 years, Avho had had recurring attacks of thrombo- 
cytopenia and purpura Avhile under observation for a year. During 
this time small transfusions of whole blood given at frequent inter- 
vals on 3 different occasions and finally splenectomy caused a rise 
in platelets from about 40,000 to as high as 80,000 per c.mm. It 
Avas at first thought that the patient had an accessory spleen AAdiich 
might account for the recurrence of symptoms after splenectomy, 
and, with this in mind, it was decided to give him Roentgen ray 
radiation over the abdomen. This Avas not done, hoAvever, and in 
its stead treatment Avas directed over the long bones. In Fig. 7 
it is to be noted that a sharp rise in platelets frpm a low level of 
60,000 per c.mm. occurred soon after treatment was started and 
within 9 days reached a peak of 270,000. As in the previous case, 
hoAveAmr, the platelets began to decrease after treatment was 
stopped. 

Protocol. Case 5.— J. S,, a married male, aged 60, was first seen, 
February 3, 1935, and has been under observation since that time. He 
has had reeuixing attacks of epista.xis, bleeding from the gums, petechial 
hemorrhages in the skin, and had noticed that he bruised 633% Arith slight 
trauma. He has also had sjuuptoms of dyspnea and palpitation following 
exertion. 

Physical Examination. A moderately obese, well-deATloped, pale man 
of stated age. There were no enlarged lymph glands and the spleen was 
not enlarged. There was no eAudence of heart disease. During the past 
2 years, the number of red blood cells varied between 750,000 and 3,000,000 
per c.mm., and the percentage of hemoglobin varied betAveen 10’ and 75% 



IRRADIATION IN THROMBOCYTOPENIC PURPURA HEMORRHAGICA 803 

(Sahli) The number of leukocytes varied between 2000 and 6000 per 
c.inm. Repeated differential counts revealed normal percentages, mth 
the exception of the presence of from 1 to 5% myelocytes and from 10 to 
20% of non-filament cells. Rarely was a cell sunilar to a myeloblast 
observed. The percentage of the reticulocjdes was always slightly in- 
creased, the highest figure being 6 and the lowest 2. The blood platelets 
were reduced and varied in numbers from 40,000 to 100,000 per c.mm. 
.The bleeding time was over 25 minutes and many petechial hemorrhages 
appeared after the tourniquet test. Coagulation time was 4| minutes, but 
the clot was friable and did not retract. 

Course of Illness. The Roentgen ray therapy, consisting of a total of 
1200 r. units, and the course of the platelets in this patient are recorded 
in Fig. 6. 



Case 6.*— R. S., a boy, aged 6, was first seen, January 9, 1934, com- 
plaining of slight epistaxis and bruising of the skin of 2 years’ duration. 

Physicol Exoftnination. The patient was undernourished and there were 
fadmg ecchymoses in the skin. The spleen was slightly enlarged. 

Laboratory Data. Examination of the blood at frequent intervals during 
the past year showed a variation in the number of red blood cells between 
3,000,000. The white blood cells fluctuated between 
1200 and 8000. Repeated differential counts revealed normal percentaees 
of the vanous white- blood cells. Prior to Roentgen ray therapy, the 
^ A 1 markedly reduced and varied in numbers between 30 000 

capillary clotting time was 10 minutes. The 

clot aid not retract. 

Course of Illness. Various therapeutic agents and multiple transfusions 
f patient without definite effect on the platelet count. 
Cessation of the hemorrhagic tendency did occur for short periods of time 
after transfusion. Finally, the patient was given transfusions in the 
amount of 200 cc. of whole blood daily for 6 days, foUowed by the removal 
of the spleen. The platelets at this time were 80,000 per c.mm., and 
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within 2 months had dropped' to less than 60,000 per c.mm. It was con- 
sidered advisable at this time to give the patient Eoentgen ray treatment 
over the long bones. Bata relative to treatment and the platelets in this 
patient are reported in Fig. 7. 



Table I. — Showing Labohatoht Data anp Coukse op Illness on Case 7. 

Name: Mr. R. H. Age: 40 Ses: d' 

Diagnosis: Idiopathic Purpura Hffiinmorhagica fFuimin.ating Type) 


Date. 

R.B.C. 

Hgb.%Gra. 

Platelets. 

■W.B.C. X-Ray. 

Notes. 

l-S-35 

4.81 

g4r-13 . 1 

40,000 

12,800 X 

Bleeding time 141 
minutes +. Co- 
agulation time 
8 minutes. 

1-7-35 

2.35 

54-7.6 

20,000 

21,800 X 

5 P.M. — 200 ec. 

4 P.M. 

2.23 

43-6.0 

30,000 


transfusion. 

1-8-36 

9 a.m. 

2.04 

32Hi.5 

None seen 
in counting 
chamber- 

20,100 X 

Splenectomy — 

1 :30 P.M, 

2.00 

P.M. 

1.45 

35-5.0 

30,000 

70,400 

Count made 5 
minutes after 
splenic vessels 
clamped. 

4.10 

P.M. 

1.38 

32-4.5 

78,000 


Patient died 12 
o’clock midnight 


The Ineffectiveness of Therapy in Acute Fulminating Purpura. 
In Table 1 are presented the data on a middle-aged man (Case 7), 
who entered the hospital with an acute type of idiopathic purpura 
hmmorrliagica progressing to a fatal termination. It is to be 



IKRAIHATION IN THROMBOCYTOPENIC PURPURA HEMORRHAGICA 805 

noted that at the time of entry this patient’s red blood, cells and 
hemoglobin were within normal limits, but there was a- marked 
reduction in the number of platelets. Roentgen ray therapy wms 
given to this patient in the same, way it was given to the others. 
Despite tliis reginaCj however, there was a progression of the hemor- 
rhagic tendency and the rapid development of a severe anemia. 
Finally, splenectomy was performed and was followed 12 hours 
later by the death of the patient from hemorrhage. 

Protocol. Case 7.— R. H., a man, aged 40, entered the U^niversity of 
California Hospital, January 4, 1935, complaining of bleeding from the 
nose and gums and of bloody urine. The day prior to entry the patient 
awakened in the morning and found his mouth full of blood. He went to 
a physician who told him that he was bleeding from the nose and gums. 
During the night he noticed, for the first time, bloody urine. His occupa- 
tion was that of a salesman, and he knew of no exposure to benzol, arsenic, 
lead or other heavy metal or Roentgen ray. The only drug consumed 
was aspirin, in daily amounts of 10 to 20 grains, at varying intervals during 
the past 3 weeks. Three weeks prior to the present illness he had had an 
upper respiratory infection, but there were no sjonptoms referable to_ this 
condition during the past week. There was no past history of bruising 
easily or of prolonged bleeding. 

Physical Examination. The patient was well developed and nourished, 
quite apprehensive and showed continuous bleeding from the nose and 
gums, and there were large hemorrhagic blebs beneath the mucous mem- 
brane of the mouth. Scattered over the entire body were petechial hemor- 
rhages and small ecchymoses. No enlarged glands could be felt and the 
spleen was not enlarged to palpation. The tourniquet test was markedly 
positive for petechial hemorrhages. 

The laboratory data and the course of the disease for this patient are 
shown in Table 1. It is to be noted that in spite of Roentgen ray therapy, 
transfusion and splenectomy, the disease was progressive and the patient 
died 5 days after the onset of iUness. 

Discussion. From our observations presented here, it appears 
that by Roentgen ray radiation in adequate dosage over the spleen 
or long bones, an increase in blood platelets will occur in patients 
with essential thrombocytopenic purpura hsemorrhagica. Accom- 
panying this there is a cessation of bleeding and a disappearance of 
the h.emorfhagic tendency. 

It is difficult to explain this phenomenon adequately. The rise 
in platelets begins soon after 1 or 2 treatments and, accordingly, 
before a sufficient number of radiations have been given to cause 
marked destruction of splenic tissue. Apparently, the reaction is 
not one of so-called “Roentgen ray splenectomy,” and, therefore, 
the response is not similar to the thrombocytosis that follows surgical 
removal of the spleen. 

• Ibeories concerning causation of thrombocytopenia 

IS that of phagocytosis of platelets by cells of the reticulo-endothelial 
system. In view of this idea, it may/ be suggested that Roentgen 
ray radiation either prevents the continuation of this process or 
causes a release of platelets already engulfed. 
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There is now considerable evidence'® - at hand to support Wright’s 
theory that the megaharyocj'tes of the bone marrow are chiefly 
concerned in the production and release of the blood platelets. We 
have insufficient data to prove that platelet production following 
radiation is a result of increased activity of the megakaryocytes. 
Since treatment was directed over the spleen in all of our patients 
with but one exception, there is very little to suggest any direct 
effect of this form of therapy upon the megakaryocytes. Further 
work is indicated wherein studies on bone marrow removed by 
biopsy from patients under treatment may be correlated with 
platelet production. 

It is quite evident from our results that Roentgen ray therapy 
is not entirely satisfactory so far as curative results are concerned. 
In some of our patients a recurrence of symptoms appeared from 
1 to 7 months after treatment was stopped. It is to be emphasized, 
however, that a rise in blood platelets did occur in 6 out of 7 of our 
patients. 

Summary and Conclusions. Seven patients with essential throm- 
bocytopejuc purpura comprised a series for study on the effect of 
Roentgen ray therapy in platelet production. Prior to treatment 
the platelets were about 10,000 per c.mm. in 1 patient and varied 
betu^een this figure and 40,000 in the others. Six patients received 
Roentgen ray therapy over the spleen and 1 over the long bones in 
doses of 200 r. units. Two patients had a recurrence of symptoms 
and were given 300 r. units during a second course of treatment. 
The patients received a total of from 1200 to 3300 r. units. Six 
of these patients showed an increase in platelets, beginning within 
24 to 48 hours, going up to as high as 250,000 to 500,000 per c.mm. 
in 9 days. In 1 patient with chronic thrombocytopenia of 2 years’ 
duration, no effect was shown following liver extract therapy, 
multiple transfusions, large doses of iron and ammonium citrate 
daily, high-calcium diet, spleen marrow or lextron, but a definite 
rise in platelets occurred following Roentgen ray treatment. In 
1 patient a high-protein diet failed to increase the platelets,' but 
there was a rise after Roentgen ray treatment. In another patient 
there was a recurrence of symptoms following splenectomy and an 
increase in platelets was stimulated b.y Roentgen-ray therapy over 
the long bones. In still another patient no increase of platelets 
was produced by Roentgen raj" or splenectomy and the patient died 
as the result of hemorrhage. 

It is concluded from these studies that Roentgen ray radiation 
of the spleen in doses of from 200 to 300 r. units will cause an increase 
in blood platelets in patients with idiopathic thrombocytopenic 
purpura hfemorrhagica. 
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(From the Department of Anesthesia, University of Wisconsin Medical School.) 

Pulmonary complications following anesthesia with certain o 
the agents, have been thought to greatlj'- exceed such complication 
after the use of other agents. Writers have pointed out an advantage 
w ith mtrous oxid, spinal and other anesthetic drugs since they an 
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not irritant to the respiratory tract and do not increase secretions. 
Too often such reports have not been substantiated bj^ accurate, 
carefully collected statistics. They may merely represent the 
author's impression or may consider one single factor, namely the 
agent. It has been a firm conviction in this clinic that other 
factors such as the ability of the surgeon and anesthetist, the anes- 
thetic technique, the time required for operation, the depth of 
narcosis and many other circumstances should be taken into account 
in evaluating postoperative morbidity and mortality. It was to 
correlate the majority of the factors common to surgical procedures 
and learn their influence on postoperative pulmonary complications 
that the present study was undertaken. 

It is readily agreed that statistics are not infallible but if they 
are carefully recorded and tabulated they offer a worthjr substitute 
for vague conclusions which camiot be verified by records. The 
statistics in this report were compiled from the records completed 
during the calendar years 1933-1934. They represent the first 
2 year's experience with an imi^roved anesthetic record system 
at the Wisconsin General Hospital.^ 

All anesthetics included in this report were administered by 
’ members of the Department of Anesthesia. Minor operations com- 
pleted with local inJfiltration anesthesia by the surgeon are not con- 
sidered. Senior medical students who spend 1 week on the service, 
interns for the month of their rotating service spent in anesthesia, 
residents of 1 or 2 years’ 6 x^) 6116006 , the assistants and the chief 
of the service comprise this department. The surgery was performed 
by the same staff under similar conditions in a single hospital. 
The anesthetic agents included were those in common use: ether, 
nitrous oxid (A^O), ethylene tribromethanol (T. B. E.), 

procain, together with cyclopropane (CsHe) an experimental drug 
unfamiliar to the staff before 1933. Chloroform, barbituric acid 
derivatives and other drugs used in less than 100 cases were not 
included. 

The statistics were carefully collected by the anesthetic depart- 
ment after a definite scheme. The patient was visited before opera- 
tion and the clmical record examined. The patient was seen post- 
operatively on the third to fifth day. If complications were present, 
later visits were made. Finally the case was reviewed to complete 
the record at time of discharge or death. Such data were trans- 
ferred to a punch card and tabulated by machine.^ 

Premedication varied little. Morphin and scopolamin were given 
to most of the cases. A barbituric acid derivatiA^e was given to 
patients when procain anesthesia was anticipated. Atropin AA^as 
used occasionally. Obstetrical cases, infants, and some others 
usually had no premedication. 

Table 1 lists the complications considered in this report. The 
number of times each complication Avas noted and the percentage 
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incidence are listed. No effort has been made to differentiate com- 
plications as due to surgery, anesthesia or the preexisting condition 
of the patient. A very liberal interpretation of complications was 
made. None were omitted. Respiratory complications present 
before operation were not listed as postoperative complications 
in those cases where surgery was undertaken as a treatment for the 
condition. For example, a patient with pulmonary tuberculosis 
treated by thoracoplasty was not considered as having tuberculosis 
as a postoperative complication. However, a patient coming to 
surgery with pharyngitis or cough was recorded as having pharyn- 
gitis or cough postoperatively if the condition was aggravated by 
surgery or in any ivay complicated convalescence. The item “sore 
throat” in Table 1 was used to designate resulting trauma in cases 
anesthetized by endotracheal technique. The same complication 
foIloAving the use of any other technique was listed as laryngitis. 


Table 1. — Respiratory Complications in 

7874 

Anesthesias. 



Percentage ol 

Complications. 

No. 

all cases. 

Pneumonia, lobar and bronchial 

49 

0.60 

Pneumonia, hypostatic 

8 

0.10 

Pneumonia, tuberculosis 

2 

0.02 

Collapse, partial 

22 

0.30 

Collapse, massive 

13 

0.20 

Bronchitis 

22 

0.30 

Laryngitis ■ 

144 

1.80 

Cough, slight 

287 

3.60 

Cough, severe 

89 

1.10 

Hiccough 

35 

0.40 

Obstruction, upper respiratory 

32 

0.40 

Rhinitis 

27 

0.30 

Pleurisy 

11 

0.10 

Sore throat* 

33 

0.40 

Miscellaneous 

24 

0.30 

All respiratory complications 


6.00 


* Endotracheal anesthesia only. 


The time of occurrence of the complications shown in Table 1 
varied greatly. The postoperative period was not limited to any 
definite number of days. A pneumonia developing on the fourteenth 
day following inguinal herniorrhaphy would be included, while 
the same complication occurring as a terminal event months after 
a celiotomy in an inoperable carcinoma case would be excluded and 
the cause of death given as carcinoma. An effort was made to 
include every major and minor respiratory complication that might 
possibly be related to the surgical procedures regardless of when 
it occurred. 

Figure 1 graphically represents the percentage incidence of respira- 
tory complications for each month of the year. During the first 
year of the study an attempt was made to correlate respiratorv 
complications with average temperatures and humidities Post- 
operative complications could not be anticipated from existmg 
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weather conditions. Certain factors such as a severe dust storm 
during July, 1 934, may explain an increase of respiratory complica- 
tions that month. 


% 



jan. Feb. Mar. Apr. May June July Aug. Sspt, Oct. Nov. Dec. 

Fig. 1. — Percentage incidence of respir.ntorj' complications for each month. 


It was definitely established for the year 1933 that the incidence 
of postoperative respiratory complications was greater during the 
same months that respiratory diseases had an increased prevalence 
among university students as shonm by student health records. 


% 

27 

24 

21 

18 

15 

12 

9 

6 

3 

0 

Fig. 2. — The percentage incidence of postoperative respiratorj' complications in 
patients with certain pre-operative conditions diagnosed. 
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All Cases Pharyngitis Oral Sepsis Emphysema Cough 


The significance of the preoperative respiratory conditions of 
patients operated upon is evident in Fig. 2. In this series 6% of all 
cases anesthetized developed some minor or major respiratory com- 
plication following operation. Those patients having pharyngitis, 
acute or chronic, before operation, shoAved a total incidence of more 
than 10% of postoperative respiratory complications. If oral sepsis 
was present, the incidence was nearly double that of all cases, Avhile 
fin cases having a cough, over 25% had the postoperative convales- 
cence complicated by some respiratory abnormality. 
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A comparison of the complications following the use of various 
agents is shown in Fig. 3, and the different completions these 
agents are listed in Table 2. That fewer complications would follow 



Fig. 3. — The number of anesthesias with each agent and the comparison of the post- 
operative respiratory complications represented graphically in percentages. . 


the use of nitrous osid was expected since that agent was used in 
obstetrical analgesia, in dental extractions and in many superficial 
operations. Tribromethanol was used almost exclusively iii good 
risk patients for ocular surgery, and was given only 213 times. 


Table 2. — Complications With Each Agent. 



NjO, 

%• 

CzH^, 

%. 

Ether, 

%. 

CsHe, 

%. 

Proc., 

%• 

T.B.E., 

%■ 

None 

94.50 

86.10 

92.20 

93.50 

92.00 

94.30 

Pneumonia, lobar and bronchial . 

0.31 

0.30 

0.24 

0.41 

0.72 

0.47 

Pneumonia, hypostatic 

0.10 

0 

0.30 

0.03 

0.38 

0 

Collapse, partial 

0.21 

0.61 

0.43 

0.16 

0.12 

0 

Collapse, massive 

0 

0.10 

0.30 

0.12 

0 

0 

Bronchitis 

0.10 

0.38 

0.51 

0.28 

0 

0 

Laryngitis 

2.40 

2.00 

1.80 

1.90 

0.84 

1.80 

Cough . . . ■ 

2.40 

6.40 

6.20 

3.60 

5.16 

2.30 

Hiccou^ 

0.10 

0.38 

0.80 

0.28 

1.07 

0 

Obstruction, upper respiratory . 

0.31 

0.71 

0.90 

0.22 

0.12 

0 

Rhinitis 

0.41 

0.61 

0.51 

0.19 

0.48 

0.47 

Pleurisy 

0.21 

0 

0.30 

0.12 

0.38 

0 


A comparison of the seriousness of the risks done with each agent 
is shown in Table 3, Anesthetic risks were classified as follows; 
“Emergency” patients who, previous to operation, had insufiicient 
clinical examinations to permit a feasible estimation of the risk. 
“A”— Patients in excellent physical condition to undergo a minor 
operation. “B”-Patients in good physical condition who are to 
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undergo a serious operation, or those whose physical condition is 
impaii’ed but a minor procedure contemplated. “C”— Patients 
who have a definite organic lesion or lesions other than that for 
which a serious operation is to be undertaken but which should not 
be expected to be fatal in the near future. “D”— Patients with a 
very serious physical handicap which might prove fatal in the not 
distant future, and are to have an operative procedure of an ex- 
tremeljf serious nature. “DD”— Patients whose condition is desper- 
ate, where the possibility of death at operation is not remote, and 
without operation is likely. Table 3 shows that the larger per cent 
of the serious risks were done with cyclopropane, ethylene and ether 
in the order named. 


Table 3 . — Anesthetic Risks With Each Agent. 


Agent. 

Emcrgenej’. 

A. 

B. 

C. 

D. 

DD. 

N.o 

.32.7 

11.7 

35.9 

10.0 

3.2 

0.41 

C;H4 

10.8 

0.9 

.39.4 

28.9 

0.9 

1.02 

Ether 

17 2 

10.7 

.39.7 

25.5 

0.0 

0.83 

CsH. 

10.4 

4.5 

33.2 

.35.0 

8.7 

1.50 

Procain 

5.7 

5.2 

41.1 

44.6 

2.9 

0.48 

Tribromethanol . 

10.2 

6.6 

50 2 

21.1 

G.S 

0 

Total 

17.5 

8.4 

30.8 

29.0 

7.2 

0.49 


Figure 4 compares the complications for the various risks. Two- 
thirds of the patients were in the “B” and “C” classification. Very 
few were in the “DD” group (Table 3). 


% 

25 



Fig. 4. —Postoperative respiratory compb'cations found in different surgical risks. 

The anesthetic agents employed for the different surgical pro- 
cedures are shown in Table 4. General surgery, including thyroid 
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and central nervous system operations, was more often accomplislied 
with cyclopropane, ether and ethylene. A large per cent of nose 
and throat operations were done with ether, since tonsillectomies 
for children are included. In each case, the agent producing the 
more profound degree of narcosis is credited as the anesthetic for- 
that operation. A nitrous oxid-ether sequence was considered an 
ether anesthesia. Likewise if ether was used to facilitate tracheal 
intubation and the anesthesia maintained with ethylene or nitrous 
oxid, the case was recorded as an ether anesthesia. If tribromethanol 
was used and supplemented by a gaseous agent, the former received 
credit for the case. 

Table 4. — Agents Used for Different Services. 


Agents. 


uperation. 

NsO. 

C2H«. 

Ether. 

CHCh. 

CjHs. 

Proc. 

T.B.E. 

Others 

Total. 

General surgery 

241 

370 

456 

9 

1190 

413 

9 

16 

2704 

Orthopedic . . ,. 

134 

279 

289 

1 

729 

44 

0 

2 

1478 

Gynecologic . 

272 

188 

210 

0 

744 

S 

5 

76 

1503 

Obstetric 

211 

33 

10 

0 

62 

1 

0 

0 

317 

Genito-urinary . 

23 

43 

42 

0 

214 

341 

6 

0 

669 

Ear, nose and throat 

10 

16 

407 

3 

66 

0 

1 

2 

505 

Eye 

16 

2 

13 

0 

33 

0 

185 

2 

251 

Plastic . . ■ . 

•7 

18 

166 

1 

75 

1 

• 4 

0 

272 

Dental .... 

39 

22 

98 

0 

66 

1 

0 

40 

266 

Others .... 

0 

0 

1 

0 

9 

1 

0 

0 

11 

Anesthesia only 

4 

3 

14 

0 

15 

9 

3 

1 

49 


Figure 5 compares the percentage incidence of respiratory compli- 
cations following the use of various anesthetic techniques. It 
might be expected that few complications would follow the inter- 





mittent use of gas in obstetrical cases and this was found to be tru 
The open drop ether anesthesias were, in more than 60% of tl 
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cases, done for tonsillectomies in children. The technique was not 
used for abdominal surgery and never selected when a serious risk 
was undertaken. The rectal technique was used for tribromethanol 
anesthesia, and in more than 90% of the cases, for ocular surgery. 
Spinal technique was more often chosen for genito-urinary surgery. 
Some lower and upper abdominal cases were anesthetized by intra- 
dural injections, but the technique was avoided in celiotomies if the 
patient was considered more than a “C” risk. Patients anesthetized 
by regional block presented, in a large per cent of the cases, serious 
circulatory or other complications, as for example, transurethral 
prostatic resections in aged men with advanced circulatory patli- 


Table 5. — Cases Anesthetized by the E.ndothachead Technique. 


Risks. 


oiiPKcry. 

} cftses. 

E. 

A. 

n. 

C. 

D. 

DD. 

Dental 

. 1 160 

34 , 

15 

75 

36 

1 

0 

Ear, nose and throat 

. 1 25 

0 i 

1 

7 ‘ 

11 

0 

0 

Plastic 

. ! SO 

15 

1 

49 

20 

1 

0 

Eye 

. ! 12 

2 

0 

7 

3 

0 

0 

Edney 

. 1 C 

0 

0 

2 

3 

0 

1 

Gynecologic laparotomy 

. 1 26 

1 

1 

13 

12 

0 

0 

Craniotomy 

. 1 63 

0 

0 

0 

IS 

41 

3 

Thyroid 

• 12 

2 

0 

2 

6 

o 

1 

Thoracic 

. i s 

0 

0 

0 

1 

7 

0 

Gall bladder 

. ! 57 

5 

0 

5 

43 

4 

0 

Gastro-intestinal 

. ! 112 

4 

1 

13 

46 

46 

0 

Hernia 

,i 15 

1 , 

0 

6 

9 

0 

0 

Rectal 

. ! 12 

0 

0 

1 

4 

7 

0 

Laminectomy .... 

. 1 29 

1 2 

1 

1 

16 

5 

4 

Bone and joint .... 

20 

5 

1 

S 

11 

1 

0 

Others 

73 

7 

2 

23 

30 

9 

2 

Total cases 

( 

1 

. 1 722 

j 

86 

23 

211 

207 

124 

11 

Per cent of total cases . 

1 

*1 

11.9 

3,2 

29.2 

30.9 

17.x 

1.5 

^ , 

1 


- 




— 


ology. The remainder were minor operative procedures and rectal 
operations. Open gas technique (mask with exlialation valve and 
partial rebreathing) was not often used. It was never selected for 
serious operations. Tlie incidence of complications may be unfair' 
to this technique since the series is so small. Carbon dioxid absorp- 
tion technique- was used for the majority of administrations. When 
endotracheal intubation is to be done, the tracheal airway merely 
replaces the face mask in the absorption technique. Endotracheal 
intubation is rarely used for' other than serious risks except in 
intraoral surgery and exodontia. Surgery of the central neinmus 
system, gastro-intestinal tract and gall bladder comprise the major- 
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itv of the cases. That the more serious and complicated surgical 
procedures are accomplished with endotracheal anesthesia is CTi- 
dent in Table 5 which lists the surgery, number of cases, and risk 
for that technique. 


SPINAL 

INHALATION ANESTHESIA 

% ANESTHESIA — ^ — , — , — , — ; — i — ; — ; — ^ — i — ^ — j — ] — j 



Anisia Plane 1 ' Plane 2 Plane 3 Plane 4 Intercostal Paralysis 


Fig. 6.— Percentage incidence of postoperative respiratory complications for the 
different planes of anesthesia. In spinal anesthesia the cases -with paralysis of the 
intercostal muscles are compared vrith those where no such paralysis occurred. 
Regional anesthesias other than spinal block are omitted. 


• That the degree of narcosis is a factor effecting postoperative 
morbidity is indicated in Fig. 6. Stages of anesthesia after the clas- 
sification of Guedel were used.® The planes shown in the graph are 
of the third stage. When using cyclopropane, the differentiation of 
Planes 3 and 4 was impossible. The latter plane of anesthesia was 
then considered to be that degree of narcosis where respiration was 
entirely passive or accomplished by the anesthetist. This corre- 
sponds to Stage 4 in Guedefis classification. The most profound 
degree of narcosis during the operation was considered as the plane 
of anesthesia for that case. Planes 1 and 2 were,* of course, more 
often used for superficial operations, but manj’- serious procedures 
such as central nervous system, thyroid and kidney operations 
were invariably done with this lighter anesthesia. Although Planes 
3 and 4 were more often used for abdominal surgery, there were 
many of these operations accomplished in Plane 2. The individual 
preference of the surgeon was most often the anesthetist’s guide 
to the depth of anesthesia required. When subarachnoid block 
was accomplished without disturbance of intercostal activity, the- 
per cent of postoperative respiratory complications was less than 
one-half that found when the anesthesia produced intercostal muscle . 
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paralysis. In the latter group, however, were operations inlvoving 
the upper abdomen. 

Figure 7 represents a consideration of the influence of the operat- 
ing time on respiratory sequellje. Fifteen per cent of the nitrous 
oxid anesthesias, 30% of those with ethylene, 32% with ether and 
45% with cyclopropane were for 60 minutes or more. Age and sex 
influenced the incidence of morbidity. Males developed some respir- 
atory complication more often than females, the ratio for 1 year 
being 1.3 to 1. Infants under 1 year had fewer complications than 
any age group while adults suffered most often: 



Fig. 7.— All operations were grouped according to the duration. The occurrence 
of postoperative respiratory complications for each group is graphically represented 
in. percentages. 


The statistics in Table 6 were of particular interest to the anes- 
thesia staff since the postoperative morbidity for the individual 
anesthetists was compared. The contention that the ability, train- 


Table 6.— Complications fob Individual Anesthetists Compared. 


Anesthetist. 

Collopse, 

Pneumonia. 

All respiratory 
complications. 

No. 

Coses. 

Ether. 

C.He 

Ether. 

C.H.. 



Ether. 

C)Ht. 

1 

934 


0.36 



7.75 

9.2 

2 

716 

1.14 

0.00 


0.68 

12.70 

6.8 

3 

399 


0.55 


1.10 

12.30 

9.9 

4 

655 

0.72 

0.58 



8.70 

6.1 

5 

762 

2.50 

0.33 

1.80 

0.67 

17.80 

9.9 

6 

615 

0.85 

0.20 

0 

0.40 

2.60 

6.0 

7 

296 

0 

0 ' 

2.40 

1.50 

9.70 

8.6 

8 

147 

0 

0 

0 

0.90 

5.50 

8.1 

9 

273 

2.80 

0.42 

0 

0.42 

5.50 

7.1 


ing and experience of the anesthetist is the most important factor 
influencing anesthetic morbidity and mortality is not disproved by 
these data. In the table. Anesthetist 5 had the larger experience 
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and was assigned a large number of serious and difficult cases. 
Many of his anesthesias were given by medical students tinder supei- 
visiom hlaintenance and recovery were not always adroitly con- 
summated and this is evident from the data. Anesthetist 1 had 
more training than’ any other except 5. Many grave risks were 
allotted to him; 2, 3, and 6 had a similar amount of training. Ihey 
were assigned routine cases. Anesthetists 4, 7, 8 and 9 had the 
least clinical work, but were given good risk cases that were not 
technically complicated. The results for ether and cyclopropane 
anesthesias are recorded. Although this table contains data con- 
cerning all respiratory complications and specifically pneumonias 
and collapse, comparable results were registered in the incidence 
of nausea and emesis and circulatory and other complications. 


Tabi^e 7. —Deaths From Respiratory Causes in Various Services. 


Respiratory deaths. 


Surgical ecrvice. 

Total 

cases. 

No. 

Per cent. 

Orthopedic, minor 

. 889 

1 

0.1 

Herniorrhaphy, ventral and inguinal 

. 407 

2 

0.5 

V aginal operation 

. 933 

2 

0.2 

Abdominal, lower 

. 992 

7 

0.7 

Ophthalmology 

. 254 

1 

0.4 

Plastic 

. 174 

1 

0.4 

Urology 

. 588 

6 

1.0 

Thoracic 

. 194 

6 

' ' 3.1 

Orthopedic, major 

. 578 

2 

0.4 

Ear, nose and throat . . . . 

. 494 

3 

0.6 

Abdominal, upper 

. 476 

8 

1.7 

Central nervous system .... 

. 95 

8 

8.4 

Rectal 

. 235 

1 

0.4 

Table 8. — Respiratory 

Total, cases anesthetized 

Deaths. 

7874 

Total deaths (all causes) . . . . 



293 (3.72%) 

Respiratory deaths 


. 

47(0.59%) 


Cause of respiratory deaths. 

No. 

NaO. 

CjH,. 

C,Hc. 

Ether. 

Proc. 

T.B.E. 

Pneumonia .... 

31 

2 

5 

9 

11 

3 

1 

Collapse j 

3 

0 

0 

1 

2 

0 

0 

Embolus 

4 

0 

0 

1 

1 

2 

0 

Others 

9 

3 

2 

1 

1 " 

1 

1 0 

Total deaths .... 

47 

5 

! 

7 

12 

17 

5 

j 

1 

Total cases .... 

7874 

957 

974 

3103 

1 1696 

831 

. 213 

Time of death. 

O.D. 1-3 P.O.D. 

4-7 P.O.D. 2d wk. 


Pneumonia 

. 0 


1 

8 

s 


16 

Collapse . . . . 

, . 0 


1 

1 

1 


Q 

Others . . , , 

. . 1 


5 

3 

2 


3 

Total 

. . 1 


7 

12 

£ 


19 
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POSTOPERATIVE RESPIRATORY COMPLICATIONS 


In Table 7, the respiratory mortality for the series is recorded 
with the tjrpe of operation after Avhich deaths occurred. The cause 
and time of death as well as the agent used is shown in Table 8. 
The group listed as “Others” includes aspiration of vomitus, foreign 
body, pulmonary edema, suffocation, and an accident. 

Comment and Summary. It is of course impossible to give in 
detail all the minor and major respiratory complications found 
following 7874 operations. Primary attention has been given to 
anesthesia as contributing to the postoperative morbidity. Although 
a relatively small number of cases is reported, the data indicate 
several factors that merit consideration if such morbidity is to be 
reduced. 

The marked seasonal ^■ariation is contingent upon the prevalence 
of respii'atory diseases in the population outside the hospital. 
Other factors appear of less importance. It has been found advisable 
in this hospital during the months with a high incidence of respira- 
tory infections to omit certain elective operative procedures, par- 
ticularly plastic operations upon infants. 

The presence of any respiratory tract infection, even mild pharyn- 
gitis or oral sepsis substantially increases the incidence of post- 
operative respiratory infections. 

The influence of the anesthetic agent was not marked in this 
series. A careful selection of agents was practiced and comparable 
morbidity results secured with each. 

Anesthesia technique was a more important factor but the inci- 
dence of complications more nearly paralleled the surgical procedure 
involved. When using intermittent analgesia for obstetrics and 
open drop for tonsillectomies, complications were rare. 

The pre-operati^'e risk classification gave the most accurate index 
of postoperative morbidity expectancy. The increase in respiratory 
complications was in direct proportion to the seriousness of the risk. 

The degree of narcosis distinctly affected the percentage of compli- 
cations. Evidently surgical procedures that can be well executed 
with first plane anesthesia should not have more profound narcosis. 
The training and sldll of the individual surgeon will be the deter- 
mining factor in the degree of narcosis required. Spinal anesthesia 
without intercostal muscle paralysis accounted for less than one- 
half as many complications as did the same procedure when the 
intercostal muscles were paralyzed. 

The most striking influence upon postoperative respiratory com- 
plications was shown by the duration of operation. Whereas 
operations lasting 1 hour or less have a morbidity incidence less 
than the average for the group, the ratio for procedures requiring 
a longer time increases markedly. When the duration was 1 to 1| 
hours, the respiratory complications doubled those of 1 hour. When 

2 hours were needed, the percentage of complications was more than 

3 times that of 1 hour. In procedures lasting 3 hours, more than 
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31 % of the patients had some respiratory complication. The group 
requiring more than 4 hours had the highest incidence of respiratory 
complication. Despite the seriousness of the longer surgical manip- 
ulations and the grave risks encountered in the majority of them, 
duration of operation alone appears to be a definite factor influencing 

respiratory morbidity. _ ,. 1 , +• + 

That the ability, training and experience of the anesthetist 
modifies morbidity is well shown in these statistics. Teaching 
students and training anesthetists will be accomplished by an 
increase in postoperative complications. 
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THE LAG PHASE IN EARLY CONGENITAL OSSEOUS SYPHILIS. 
A Roentgbnogbaphic Study. 

By Norman R. Ingraham, Jr., M.D., 

ASSISTANT INSTRUCTOR IN DERlIATOIiOGT AND SYPHILOLOGIT, SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA; ASSISTANT PHYSICIAN TO THE PRENATAL CLINIC, 
DEPARTMENT OF GYNECOLOGY AND OBSTETRICS, PHILADELPHIA 
GENERAL HOSPITAL, PHILADELPHIA, PA. 


The value of any diagnostic procedure depends primarily upon 
its specificity, upon the relative frequency of its occurrence as 
compared with the total incidence of the disease in question, and 
upon the time interval necessary for its development after the 
morbid state is produced. Roentgenologists are universally agreed 
that the osteochondritis and periostitis which characterize infantile 
congenital syphilis can, in their tjqiical forms, be confused with no 
other osseous lesion, and it is the experience of most that nearly 
100% will develop bone changes diagnostic of this disease- at some 
time within the first 6 months of postnatal life.i-« On the other 
hand, there seems to be no working criterion by means of which 
it is possible to determine exactly when the lesions in question 
are likelj ^ to appear in any givmn case and, since roentgenographic 
examination is a relatively expensive procedure, it is ordinarilj^ 
impractical to make repeated Roentgen ray studies until the posi- 
tive changes finally make their appearance, or until the presence 
of the disease is satisfactorily ruled out by their failure to develop. 
An attempt to establish the importance of some of the factors 
causing these individual variations may prove useful for developing 
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a rational and at the same time economical approach to the roent- 
genograpliic diagnosis of infantile congenital syphilis. 

Most roentgenologists and pathologists who have studied the 
problem of early congenital bone syphilis have been impressed with 
the fact that the osteochondritis occurring in the metaphyseal 
growing centers of the bones of syphilitic infants is a phenomenon 
of fetal and of early postnatal life, and that periostitis in these 
cases, seldom present at the time of birth, is ordinarily at its heiglit 
from the second to the fiftli months of extrauterine life.^- Pehn, 
Policard and their associates^- ’’’ “ have especially insisted upon 
this classification. Exceptions to these general tendencies are com- 
mon, however, and it is not especially imusual to find syphilitic 
periostitis in a fetus stillborn at or near term,'^- nor is it uncommon 
for a syphilitic infant to have roentgenographicallj^ normal bones 
at the time of birth, only to develop diagnostic osseous lesions 
some few weeks or months thereafter.^- ® 

The comparatiim ease ivith ivhich spirochetes are demonstrated 
in the syphilitic placenta^^ and in the organs of infants which 
succumb to this infection*'*- would indicate that fetal syphilis 
is a more virulent disease than is ordinarilj^ encountered in adult 
life. Wiether this massive infection is the result of the repeated 
transfer of spirochetes from the maternal to the fetal circulation in 
the placenta over a period of months, whether it arises from rapid 
multiplication of the microorganism because the resistance of the 
embryo is low, or whether it is attendant on other circumstances 
of fetal development, it is probable that these factors just mentioned, 
since they affect all embryos similarly, have less to do with deter- 
mining when the bone lesions will appear than has the actual time 
in intrauterine life in which the infection takes place. The fact 
that the offspring of syphilitic mothers are ordinarily inaccessible 
to study for some weeks or months after they have become diseased, 
has left the question of the duration of the disease in them at the 
time of birth largely a matter for conjecture. In addition, there is 
obviously a latent period from the time of spirochetal invasion 
until the impairment of bone development by the action of these 
microorganisms at tlie temporary zones of calcification has become 
sufficiently marked to affect the roentgenograph. An attempt to 
determine, as accurately as possible, this lag phase is the primary 
object of this study. For it is self-evident that if the latent period 
from the time of spirochetal invasion until the bone lesion becomes 
roentgenographically manifest is loiown, the approximate duration 
of the syphilitic infection in the child may be estimated with a 
reasonable degree of certitude. We have endeavored to attack tlie 
problem from several angles, checldng one result against another 
in an effort to determine whether they coincided sufficientb'- to 
warrant any definite conclusions. Since the living human fetus 
cannot be studied adequately prenatally, the evidence brought 
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forth must be, in part at least, inferential, if the question is to be 

clarified at all. • , 

In this connection, attention should be directed toward the work 
of Alexander«:and Harris,i^ IClaften and Priesel,i« the greater part 
of which we have been able to confirm. The former 2 observers 
pointed out that it is possible, in certain instances at least, where 
syphilitic osteochondritis is present at the time of birth, to estimate 
the approximate month in fetal life at which the first recognizable 
bone lesion appeared, by assuming that impaired osseous develop- 
ment results from then mitil the time of birth and by measuring 
the width of this bone scar on the diaphysis (Fig. 6). The latter 
investigators attempted to estimate the duration of the bone lesion 
at the time of birth in the offspring of partially treated, syphilitic 
mothers, utilizing the apparent fact that, .if the child is infected 
before prenatal treatment is commenced, the bone development 
proceeds more or less normally after the onset of therapy, leaving 
bands of sclerosis, vestiges of the antecedent active infection on 
the shaft of the bones at varying and easily measured distances 
from the metaphyses. 

Material. Our material consists of 252 complete roentgen ographic 
studies performed on the offspring of 131 syphilitic pregnancies 
which occurred in the Philadelphia General Hospital between 
December 1, 1933, and June 15, 1935. Each mother was carefully 
studied from the standpoint of this disease prenatally and post- 
natally, and the majority of the children were followed for a matter 
of several months, or at least long enough to confirm the roent- 
genographic studies by clinical and blood serologic examination. 
Few of the children received any antisyphilitic therapy during the 
period of observation, so the roentgenographic picture obtained 
resulted for the most part from the syphilis alone and was not the 
outcome of the combined changes produced by syphilis and therapy. 
The group of cases followed by serial studies is further highly selected 
in that only the infants who received little or no prenatal therapy 
and whose mothers were proven to have active early syphilis with 
strongly positive serologic reactions were considered. Accordingly, 
about one-half of the 258 syphilitic deliA^eries which occurred in 
the hospital in this period of time was thought suitable for the 
purposes of this studj’’. The sole idea in thus selecting the cases 
was to obtain as high as possible a number of diseased children and 
thus of positive roentgenographs. 

The Fekis is Apparenthj Infected in the Latter Half of Pregnancy. 
As a preamble to the report of the actual results obtained, it is of 
considerable interest and importance to note what can be gleaned 
from the literature regarding the earliest recognizable fetal bone 
changes as compared with the earliest demonstrated syphilitic 
spirochetosis. Clinical and pathologic studies have indicated that 
syphilitic miscarriage is uncommon, if indeed it occurs at all, prior 
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to the 16th week of pregnancy.^® For instance, it has been shown 
that spontaneous abortion {i. c., miscarriage prior to the 4th 
month) is of no greater frequency among syphilitic tlian it is among 
non-syphilitic mothers. Similarly, late miscarriage has a notice- 
ably greater incidence among known syphilitic patients. Prenatal 
antisyphilitic therapy which, according to the best authorities,®®' 
exerts its beneficent action principally by preventing the trans- 
placental transfer of spirochetes and not so much by treating an 
already infected fetus, can assure the birth of a healthy infant in 
almost 100% of cases if it is continued throughout the latter half 
of pregnancy only.®®- ®®' ®-* Gnifenberg,®® who has carefully studied 
the bacteriology of fetal syphilis and whose work has been confirmed 
bj' many European investigators and generallj' accepted, 
states that he could disgover no embryo which contained spirochetes 
prior to the 16th week of fetal life. 

Assuming then, as seems justified, that the earliest fetal infection 
dates from the beginning of the 5th lunar month, let us see when, in 
embryonal life, syphilitic bone changes can first be recognized 
roentgenographically. Fraenkefi® was able to show a definite osteo- 
chondritis by this means in a 26 cm. fetus; Ale.xandeP® discovered 
early osseous changes in fetuses 26.5, 27.5 and 28 cm. in length. 
A 26 cm. fetus is in its 6th lunar month of intrauterine life, 21 to 
22 weeks old.®®' ®® Syphilitic bone changes have, apparently, never 
been demonstrated roentgenographically in fetuses younger than 
this. According to Fraenkel’s comprehensive studies,’®' ®® the fetal 
periostitis may begin to become evident roentgenographically in 
42 to 43 cm, fetuses, namely, in those which are 32 to 34 weeks old. 
Harris’, Alexander’s, and Klaften and Priesel’s studies with older 
stillborn fetuses or with living infants indicate that the earliest 
bone changes date from the 6th lunar month of intrauterine life. 
The presumptive evidence, therefore, would seem to indicate that 
osteochondritis becomes recognizable roentgenographically 5 to 
6 weeks following fetal infection and that about 16 weeks are neces- 
sary for the development of a manifest early periostitis. 

A Syphilitic Child Born of a Mother Infected Late in Pregnancy. 
Another method of determining the approximate period in intra- 
uterine life in which the fetus is infected is by selecting for study 
mothers who are infected and who develop signs of primary or 
secondary syphilis in the later months of pregnancy. Spirochetemia 
is at its height at about the secondary stage of the disease, so that a 
pregnant woman who develops clinical early syphilis close to term 
will, presumably, infect her offspring very quickly and readily, if 
she is permitted to go untreated. "That mother who acquires her 
disease closest to the time of birth of her child and whose offspring 
shows, at the same time, an early osteochondritis when delivered, 
will give a fairly accurate measure of the time required for this 
diagnostic sign to appear in the roentgenograph. 
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Of the 258 S 3 T)hilitic deliveries which occurred in th^e Philadelphia 
General Hospital during the period of this study, 17 fall into this 
classification. They are sumroarized in some detail in Table 1.- 
Two of the offspring were stillborn and 1 died in less than 24 hours; 
these were not studied roentgenographically. Of the living children, 
5, those who had received considerable prenatal treatment, were 
clinically and roentgenographically normal; 2 of the infants were 
not adequately followed. The remaining 7, born 4, 9, 12, 15, 16, 
18 and 23 weeks, respectively, after the onset of clinicab symptoms 
in the mother, all showed syphilitic osteochondritis on their first 
postnatal Roentgen examination (Figs. 1 and 2). In- Case 256, 
the mother had been infected for about 8 weeks only and the child, 
presumably, for something over a month before the roentgenograph 
was performed. This type of evidence, therefore, would indicate 
that about 5 weeks are necessary for the development of Roentgen- 
positive bone syphilis. 


Table 1. — Roentgbnographic Diagnosis in Infants Whose Mothers Devel- 
oped Primary or Secondary Syphilis Late in Pregnancy. The 
Lag Phase in These Cases is Shown to be About 5 Weeks. 

Date 


No. 


Type of 
syphilis in 
mother. 

Date of 
onset of 
clinical 
symptoms 
in mother. 

Date of 
delivery. 

Child 

born. 

49 

. « 

. Papular 

8/ /34 

2/13/35 

Dead 

64 


secondary 
. Genital 

condylomata 

1/ 9/34, 

3/19/34 

Dead 

162 


. Papular 

7/ 5/34 

10/ 6/34 

Alive 

20 


secondary 
. Genital 

8/10/34 

(Lived less than 24 hrs 
12/11/34 Alive 

0.5 


primary 

. Maculopapular 
secondary 
. Genital 

6/25/34 

1/16/35 

Alive 

62 


6/ 7/34 

11/12/34 

Alive 

101 


condylomata 
. Maculopapular 

4/15/34 

8121/34 

Alive 

213 


secondary 
. Annulopapular 

1/15/34 

6/13/34 

Alive 

S3 


secondary 
. Gcintal primary 

11/27/33 

2/24/34 

Alive 

119 


Papular secondary 
. Annulopapular 

9/24/34 

3/ 3/35 

Alive 

256 


secondary 
. Genital 

4/15/35 

5/13/35 

Alive 

21 


primary 

. Maculopapular 

3/15/34 

4/14/34 

Alhe 

52 


secondary 

. Maculopapular 
secondary 

12/24/34 

3/20/35 

Alive 

102 


. Genital primary 
Annulopapular 

12/26/33 

12/21/34 

6/13/34 

Alive 

188 


secondary 
. Genital primary 
Papular secondary 

S/24/33 

12/23/33 

Alive 

17 


. Genital 

8/15/33 

12/ 2/33 

Alive 

100 


primary 
. Papular 
secondary 

2/15/34 

7/27/34 

Alive 


Prenatal 

IPa.ssermann appearance 

. . congenital 

treat. 

(At birth) bone 

(weeks). 

Mat. Cord. syphilis. 

None 

4+ 

4 

4+ 4+ 

3 

4+ 4-f 

•I 

10 

Neg. Neg. CHld not 


syphilitic 

23 

3+ Neg. Child not 

10 

syphilitic 

4-1- Neg. Child not 

11 

syphilitic 

Neg. Neg. Child not 

11 

syphilitic 
4-1- 1-1- Child Dot_ 

7 

syphilitic 

2-1- Neg. Not Roent- 

7 

gen rayed 

Neg. Neg. Child not 

None 

followed 

1-f- Neg. 5/20/35 

None 

(Early osteochondritis) 
4-f 4-f 5/25/34 

12 

(Early osteochondritis) 
Advanced periostitis 9/18/34 
Neg. Neg. 3/27/35 

8 

(Osteochondritis) 
I-f Neg. 6/20/34 _ 


Advanced periostitis 9/25/34 

0 Neg. Neg. 12/29/33 

(Osteochondritis) 

1 ,4+ Neg. 12/8/33 

(Osteochondritis) 
G Neg. Neg. 8/2/34 

(Osteochondritis) 


tmlalbj. riirtlier evidence can be obtained concerning this lag phase 
by selecting those cases in which a sjphilitic child ilborn wMV nd 
demonstrable osseous lesion, but in which Roentgen evidence of bone 



824 INGRAHAM, JR.: EARLT CONGENITAL OSSEOUS SYPHILIS 

involvement develops postnatally. This was true in the 16 cases in 
our series which are summarized in Table 2. All of these mothers 
■had latent s^-philis. Obviously, since about 20% of the offspring of 
untreated mothers with active syphilis fail to contract the dis- 
ease,-^- in spite of 9 months of indirect exposure to the 

mother’s blood and tissues while they are in idero, infection of the 
embryo may occur right up until the time of delivery. A fetus 
infected before birth will develop bone changes sooner postnatally 
than the infant infected at the time of birth, the latter having the 
longest postnatal interval before osseous changes are demonstrable. 
Casazza’' has pointed out that syphilitic osteochondritis is seldom 
seen after the 3d or 4th months of extrauterine life, but no effort, 
apparently, has been made to discover exactly how long after birth 
the earliest changes could be detected, though Schneider® had 1 case 
which shower! a ratlier early metaphyseal lesion at the age of 
2 months. The first 6 cases in Table 2 showed 'their early osteo- 
chondritic changes at 4 (4x), 5 and 6 weeks, respectively. This 
would indicate that it takes no less than 4 weeks and no more than 
6 weeks ordinarily for the first bone changes to develop. 

Table 2.— OsTEocHO.VDniTfs Not Presekt at the Time of Birth But Bone 
Changes Appear Later. Duration of Tisib Post.vatallt Until the Devel- 
op.ment of These Osseous Lesions. .All Children Born .Alive of Mothers 
WITH Late.nt Stphilis. 




Date 

Weets post- 







when 

natally when 



IVassermann 



roratgea 

positive 




at time of 


Date 

oaraph 

roentgeno- 


Prenatal 


delivery. 


of 

bt'camo 

araph va-s 

n-pe of 

treatment 

Child’s climcai 

. — , — 


Ko. 

birth. 

positive. 

discovered. 

bone change. 

(weeks). 

symptoms. 

Mat. 

Cord. 

72 . 

. 7/2.5/34 

8/28/34 

4 

Osteochondritis 

3 

None 

1+ 

Neg. 

109 . 

. 7/22/34 

8/21/34 

4 

Osteochondritis 

1 

Lj'mphadenopathy 

3+ 

Neg. 

121 . 

. 12/4/34 

1/15/35 

e 

Osteochondritis 

2 

Gen. Ijmph. 

4+ 

24- 



2/10/.35 

10 

Periostitis 


Palp, spleen 



m . 

. 0/17/34 

10/23/34 

5 

Osteochondritis 

"s 

Snuffles 

3-f 

Nfg. 



11/20/34 

9 

Periostitis 


Syphilodcnn, palp. 









fiver and spleen 



j . 

. 5/15/34 

6/15/34 

4 

Osteochondritis 

0 

Snuffles 

3-f- 

Neg. 



10/ 9/34 

20 

Adv. periostitis 


Gen. Ijmph. 



133 . 

. 12/14/33 

1/15/34 

4 

Osteochondritis 

'6 

Snuffles 

4+ 

? 



4/19/34 

26 

Adv. periostitis 


SyphiloderiD, p.alp. 









liver and spleen 



20S . 

, Il/IS/34 

I/I.5/33 

S 

Early periostitis 

16 

Snuflles 

4-f- 

Neg. 

211 . 

. 5/23/34 

7/17/34 

8 

Early periostitis 

13 

Snuffles, spleno- 









megaly 

1+ 

Nog. 

232 . 

, 9/ 1/34 

10/30/34 

S 

Periostitis 

4 

Snuffles 

Neg. 

Neg. 

147. 

. 1/23/35 

3/2r.;35 

9 

Osteochondritis. 

4 

Suuffics 

34- 

• Neg. 





periostitis 





251 . 

, 3/ S/34 

5/21/31 

10 

Periostitis 

5 

None 

44- 

44- 

183 , 

, 9/18/34 

12/18/34 

12 

Osteochondritis, 

13 

None 

34- 

Neg. 





periostitis 





61 . 

, 7/ 6/34 

10/ 4/34 

12 

Periostitis 

7 

None 

44- 

Neg. 

181 , 

, 2/13/34 

5/22/34 

13 

Osteochondritis, 

13 

None 

Neg. 

Neg. 





periostitis 





202 . 

. C/23/34 

9/25/34 

13 

Periostitis 

9 

Snuffles 

24- 

Neg. 

218 . 

, 1/19/34 

5/ 3/34 

14 

Periostitis 

11 

Child died, sypb- 

•ir_ e //!/•» 4 

14- 

34- 


ilis, 5/6/34 


In Case 121 periostitis was demonstrated only 4 weeks after the 
osteochondritis became manifest. This ma^' indicate that the 
latter change should have been recognized earlier, possibly even at 
the time of birth. Case 163 (Fig. 3) falls into a similar categor^^ 
for here, although diagnostic bone changes did not develop until 




Case 256 Case 52 Case 188 Case 160 


Fig. 1. — Early syphilitic osteochondritis in distal femoral metaphyses, at the time 
of birth, in infants whose mothers contracted syphilis late in pregnancy Note the 
narrow band of sclerosis with slight submetaphyseal rarefaction in each instance. 



A B C D 

Fig. 2. — Cases 21 (A and B) and 102 (C and D) showing early osteochondritis 
and later periostitis in femora; the mothers contracted syphilis late in pregnancy. 
The osteochondritic change shown in A is when the infant was 5 weeks old. Note 
marked metaphyseal sclerosis in all the long bones shown, with beautiful zone of 
submetaphyseal rarefaction and second zone of increased density shown in proximal 
tibia. B is at the age of 5 months with marked periostitis on the outer aspect of the 
diaphysis. Diaphyseal rarefaction is clearly shown in C at 6 days and D at .3 montb-j 
The latter shows, in addition, periostitis. 



Fig. S . — The development of syphilitic osteochondritis and periostitis postnatally. 
d. shows the radius and ulna at C daj’s with no more than normal metaphyseal scler- 
osis; ff, the child is 1 month old. There is a definite zone of sclerosis in the distal 
radial and ulnar metaphyses tvith a zone of submctaphyseal rarefaction and a second 
poorly defined band of sclerosis. C, the metaphyseal sclerosis has increased and there 
is an early periostitis, best seen on the inner aspect of the shaft of the ulna and on 
the outer aspect of the shaft of the radius. 
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Fig. 4. — Case illustrating the fact that it takes several weeks for syphilitic osteo- 
chondritis to reach its height. A, when the child is 6 days old, the metaphyseal 
sclerosis is scarcely discernible; B, at the age of 1 month, the band has greatly 
increased in n-idth, while C, at the age of 21 months, there is in addition some flaring 
of the metaphyses with a tendency toward spur formation. 







Fig. 5. — The time interval between the appearance of syphilitic osteochondritis 
and syphilitic periostitis in the roentgenograph. This is Case 190 whi^ showd 
early osteochondritis in the distal femoral metaphysis, A, at the tmae of birth. xSy 
the age of 11 weeks, B, the metaphyseal sclerosis has become more marked and an 
early but definite periostitis is present on the outer aspect of the diaphysis. 
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Fig. G. Marked diaphysitis in the femur and tibia produced by prolonged action 
of the syphilis spirochete in the temporary zones of calcification. In A, the infant 
was G days old, the syphilitic infection dating in all probability from the Gth month 
of pregnancy. B, a similar picture in a 10-month-oId infant. This is Case 188, the 
early osteochondritis of which is shown in Fig. 1. The infant received a small amount 
of treatment postnatally but was lost sight of for several months, to return for 
observation with the peculiar osseous picture illustrated. 
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the infant was 5 weeks old, there was a questionable osteochondritis 
, at the time of birth' indicating that the mfection in view had prob- 
ably occurred earlier than Ave had originally calculated. The fact 
that it took Cases 1 and 132 16 and 22 weeks, respectively, to develop 
moderately advanced periostitis Avould indicate that several months 
are usually consumed in forming this Roentgen picture.^ More 
accurate information can be obtained concerning this latent intei’Aml 
from a careful study of the remaining cases in Table 2 and from 
those summarized in Table 3, in which osteochondritis was present 
at the time of birth but in which the lapse of time necessary for the 
dcAmlopment of periostitis has been accurately determined. 

The Latent Intenal Necessary for the Development of Syphilitic 
Periostitis. The last 10 cases in Table 2 summarize the instances 
in which early periosteal changes Avere discoA^ered postnatallj'', no 
bone changes being present in the roentgenograph at the time of 
birth. The longest time interrml necessary for the development of 
an early periostitis will indicate the child infected closest to the 
time of birth, in this series the latent interval being 12 to 14 weeks. 
In other words, periostitis appears, presumably, betrimen 3 and 
4 months after the child is diseased. 


Table 3.— Osteochondritis Present at the Time of Birth. Lapse of Time 
Until Periostitis Developed: Untreated Gases. 



Date 

Date 
when _ 
periostitis 

AYceks 

postnatalJy 

that 


of 

was 

periostitis 

No. 

.birth. 

discovered. 

developed. 

117 . 

. . 8/ 5/34 

9/27/34 

7 

129 . 

. . S/IS/34 

10/ 9/34 

8 

10 . 

. . 1/20/34 

3/19/34 

8 

247 . 

. . 4/11/34 

. 6/ 7/34 

8 

118 . 

. . 1/23/34 

3/22/34 

8 

35 

. . 1/13/35 

3/21/35 

9 

137 . 

. . 10/ 1/34 

12/ 9/34 

10 (early) 

190 . 

. . 1/30/34 

4/23/34 

11 (early) 

112 . 

. . 1/29/34 

4/23/34 

11 (early) 

82 . 

. . 2/28/34 

6/12/34 

14 (dednite) 

28 . 

. . 12/14/33 

4/ 2/34 

15 (advanced) 


Prenatal 

Child’s clinical 

AVassermann 
at time of 
delivery. 

treatment 

. . 


(weeks). 

symptoms. 

Mat. 

Cord 

1 

Child died cong. 
syph., 5/3/35 

4+ 

Neg. 

2 

Gen, lymph., 
palp, liver 
and spleen 

1+ 

Neg. 

1 

None 

3+ 

Neg. 

8 

Snuffles, syph- 
iloderm, gen, 
lymph. 

3-i- 

Neg. 

1 

None 

Neg. 

Neg. 

None 

Pscudoparalysis 
of Parrot 

Ncg. 

Neg. 

11 

None 

4+ 

Neg. 

9 

Gen. lymph., 
hepatomegaly 

2+ 

' Neg. 

8 

None 

1+ 

Neg. 

2 

Snuffles, gen. 
lymph,, splen- 
omegaly 

Neg. 

Neg. 

8 

None 

4-i- 

Neg. 


^^ow turning to Table 3, and assuming again that the longest 

development of periostitis indicates the' 
^^3® ^3°^® of birth, and excluding Gases 28 
and 82, in which the periostitis Avhen discovered was moderatelv 
adA anced, the longest osteochondritic-periosteal interval is 10 to 
11 weeks (lugs 4 and 5). This indicates again that periostitis 
develops some 2 to 3 months after the osteochondritis appears 
and some 4 months after the child is infected. 

hese results comcide rather well witli the ideas portrayed in the 
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theoretical discussion which preceded the description of our actual 
findings: namely, if syphilitic fetuses stillborn at or near term 
comprise those embryos which have been infected earliest in the 
pregnancy, the periostitis which occurs not uncommonly in such 
offspring would indicate that thej' become diseased ordinarily about 
4 calendar months before birth or in the 5th month of intrauterine 
life. Since the children born alive, on the other hand, do not 
ordinarily show periostitis until several weeks postnatally, such 
infants probably become diseased in the still later months of 
pregnancy. 

Summary. Even though it has been realized for some time that 
considerable information could be derived concerning the duration 
of an osseous lesion produced by congenital syphilis from a roent- 
genographic study of the extent of tlie impairment of bone develop- 
ment after the lesion first became detectable, the fact that the 
latent interval between the time of fetal infection and the develop- 
ment of the earliest demonstrable osteochondritic and periosteal 
changes was unknown, left the actual duration of the disease in 
the infant a matter largely for speculation. We realize that the 
extent of the lag phase may be, and in some instances probably is, 
governed by a number of interplaying factors, but we have been 
impressed, as ha^•e a few other workers who liave studied congenital 
bone syphilis by means of serial roentgenographs, with the almost 
mathematical time precision with which tliese lesions become mani- 
fest. By a study of the time interval alone, the majority of the 
individual variations found in comparing one case with another 
can apparently be explained ; the few exceptions are probably caused 
by the addition of other elements, the relative importance of which 
remains to be determined (Fig. 6). Nonetheless, we feel that we 
may assume, with a reasonable degree of accuracy, that syphilitic 
osteochondritis, all other things being equal, becomes roentgeno- 
graphically manifest aliout 5 weeks after the fetus is infected, while 
sjqihilitic periostitis requires approximately 4 months to develop. 

It should be apparent, therefore, that the roentgenographic diag- 
nosis of congenital syphilis, to be of its greatest value, must rest 
upon the recognition of syphilitic osteochondritis, for, by the time 
periostitis has developed, the child has been infected for several 
months, usually exliibits clinical signs of the disease, and has 
ordinarily become seropositive.* A single roentgenogram per- 
■ formed when the infant is 6 weeks old should detect almost every 
case, though osseous lesions could be discovered sooner in many 
instances, were not repeated roentgenographic studies inhibited by 
their expense. 

The unreliability of the blood serologic test as an absolute diagnostic criterion 
of congenital sj’philis in the first few rreeks of life is well recognized. In an article 
entitled, “Roentgen Positive, Sero-negative Infantile Congenital Sj’philis,” soon to 
appear in the Am. J. Dis. Child., we have indicated the value of roentgenographic 
examination in these seronegative, and othenrise undiagnosable cases. 
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THE MINOR BLOOD AGGLUTININS AND THEIR RELATION TO 
POST TRANSFUSION REACTIONS. 

By William P. Belk, M.D., F.A.C.P. 

INSTRUCTOR IN CnlNICAI. BIOCHEMISTRY, GUAmjATE SCHOOE OF MEDICINE, UNIVERSITY 
OF PENNSYLVANIA, PHILADELPHIA, P.A. 

liiE imnor hemagglutinins (the subgroup isoagglutinins; Land- 
Steiner s irregular isoagglutinins and normal cold agglutinins- the 
pathologic cold agglutinin; and the rouleau forming property) have 
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been the subjects of several interesting studies.’"® , Very little 
effort, however, has been made to determine their practical impor- 
tance in relation to the transfusion of blood. Landsteiner and 
Levine® report 6 transfusions without reaction with bloods showing 
minor incompatibilities at 20° C. Manlieims and Brunner” report 
a transfusion without reaction in an individual with autoagglutinin, 
and Sherman” records two such instances. Tiber'® considers the 
intra-group incompatibilities insufficient to cause death. Kramer'® 
recounts 10 cases of autoagglutination with a severe reaction in 1. 
Brewer'^ finds auto- and cold agglutinins the most frequent cause 
of incompatibility between patients’ serum and donors’ cells, and 
attributes reactions to them. Unger'® noted sharp reactions when 
minor incompatibilities existed in the cross tests. 

The sub-group isoagglutinins, the irregular isoagglutinins, and 
the normal cold agglutinins are not clearly defined, but merge one 
into the other, and are more frequently encountered and more 
active at low temperatures. Landsteiner states that practically 
all human sera agglutinate their own cells at 0° C. The pathologic 
cold agglutinin (autoagglutinin) does not differ clearly from the 
normal cold agglutinin, except that it is often of high titer and is 
associated with pathologic states. It seems reasonable to suppose 
that it is really the normal cold agglutinin increased in strength 
by some process of disease. At any rate minor agglutinins effective 
on the cells of the same individual and others of the same blood 
group (and on those of group 0) at low temperatures (10° to 0° C.), 
but not at high temperatures, comprise the majority of the minor 
agglutinins. 

Autoagglutinin is cliaractei-ized first by the fact that its property 
of clumping erythrocytes is entirely wanting at 37° C., but becomes 
increasingly effective as the temperature is lowered, being maximal 
at 0° C. At, or near, this temperature the agglutinin is fixed to 
the cells which become drawn into masses. As the temperature is 
elevated, the reaction is reversed, the agglutinin becoming detached 
and the cells “unclumped.” This is a property of the serum, not 
of the cells. Furthermore, this is not a specific agglutinin, but one 
capable of acting on the red cells of many, possibly all, animals 
(panagglutinin). It is, nonetheless, a true agglutinin, being absorb- 
able, and, apparently, not affected by lecithin. A few authors, 
however, believe it to be related to the rouleau forming property. 
This latter is not attributed to a true agglutinin, but rather to a 
physiochemical property of the serum related to surface tension. 
It is not remo^'ed .bj' absorption, and is inhibited by lecithin. It 
does, howe^'er, draw cells into masses which can be confused with 
those of true agglutination. 

The present study was undertaken after an experience in which 
failure to detect a strong autoagglutinatinin in a patient’s serum 
resulted in a very severe post-transfusion reaction. A review of the 
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literature lent support to the idea that the minor agglutinins were 
probably of importance, although no conclusive evidence of this 
had been produced. I therefore decided to perform, routine cross 
agglutinations according to the method here, described with the 
hope of securing evidence bearing on this question. 

Technique. The procedure here employed is as follows; Venous blood 
collected in sterile test tubes is allowed to clot at 37° C., or if prewously 
chilled, is wanned to 37° C. After removal from the incubator, serurn is 
promptly centrifuged and pipetted off to prevent any but slight chilling. 
The cells are collected in 1.5% sodium citrate in normal saline (or other 
suitable fluid) and washed twice in saline warmed initially to 37 ° C. These 
steps assure a maximum of autoagglutinin in the serum and its rernoval 
from the cells. On clean glass microslides ringed with a wax pencil the 
following mixtures are prepared: patient’s serum and patient’s cells, patient’s 
serum and donor’s cells, donor’s serum and donor’s cells, donor's serum 
and patient’s cells. The suspensions are light, about 1%, as an excess of 
cells masks agglutination.^® The slides are placed in the refrigerator (5 
to 10° C.) for 30 minutes, then removed, one at a time, gently agitated 
and observed at once under the scope. Agglutination is recorded as from 
0 to +4. A second observation is made after about 10 minutes at room 
temperature (or 37° C.) to note reversal of agglutination. The following is 
an example of the application of the technique from my protocols: 
Patient’s serum plus patient’s cells +4 
Patient’s serum plus donor’s cells +4 
Donor’s serum plus donor’s cells 0 
Donor’s serum plus patient’s cells 0 

“Agglutination in patient’s serum completely disappeared after 10 
minutes at room temperature; no rouleaux. Diagnosis— strong auto- 
agglutinin in patient’s serum. Advise no more than 100 cc. blood be given 
at one time.” 


This technique detects incompatibilities due to both major and 
minor agglutinins, including the autoagglutinin. This latter is 
missed by the usual technique in which clots are allow’’ed to become 
chilled, and serum-cell mixtures are incubated at room temperature. 

During the period of the work here reported I was under the 
impression that microscopic inspection alone wmuld clearly differ- 
entiate rouleau clumping, as claimed by Coca.” More recent 
experience has led me to believe, however, that this is not always 
a reliable method, for when autoagglutinin and the rouleau forming 
substance are present in the same serum, each appears to interfere 
with the characteristic behavior of the other. When in doubt, 
lecithin should be used, as suggested by Lattes.” One or two plat- 
inum loop-fulls of a rather heavy suspension in normal saline are 
mixed with the serum-cell suspension, -which is then returned to 
the refrigerator for 30 minutes. Since lecithin Avas not used in this 
study, tJie reactions here recorded may represent some instances 
of rouleau clumping, although probably most are those of autoagglu- 
tination. I Avas also under the impression that a -(-4 slide reaction 
indicated an agglutinin of high titer. Again I have found, however, 
lat such a reaction may be produced in undiluted serum Avith an 
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actual titer of no more than 1 to 4, or 1 to S. Consequently^ the +4 
reactions here recorded do not necessarily indicate high titers. 

This study of the minor blood agglutinins includes IGl sera from 
130 patients, and 265 sera from as many presumably healthy 
donors (Chart I). 

Chart I. — Incidence of Autoagglutination in III and Healthy Subjects. 


Patients’ Donors’ 

Agnlutination. .‘^cra. % Sera. % 

0 G1 3S.0 101 .39. .3 

+ 1 24 14.9 Of) 24.9 

+2 39 24.2 69 20.0 

+.3 18 11.2 10 6.0 

+4 15 9.3 4 1.5 

Sub-groups 4 2.5 0 2.3 


161 265 

Four patients’ sera and 6 donors’ sera were found which contained 
no autoagglutinin, but which agglutinated the cells of one or more 
individuals of the same blood group. All of these were Group II 
sera and doubtless represented examples of the sub-group II. One 
such serum agglutinated the cells of 5 Group II individuals strongly 
i+Z), of another weakly (4-1), and of 3 others not at all. 

Fifty-nine per cent of sera of both donors and patients had more 
or less power to agglutinate their own cells and the cells of others 
of the same group, while incompatibilities not associated with auto- 
agglutination occurred in only about 2.5% of sera. Thus auto- 
agglutination seems to account for the great majority of intra- 
group incompatibilities. While this type of reaction is equally 
common in donors and patients, and doubtless represents Land- 
steiner’s normal cold agglutinins, the -1-3 reactions were twice as 
frequent, and 4-4 reactions 6 times as frequent in the sick as in the 
healthy subjects. This observation has its greatest interest in the 
implication that the normal cold agglutinins are often increased 
in titer by the processes of disease; and indicates that, in an aA^erage 
series of patients in need of transfusion, 1 in 5 will have in his blood 
an autoagglutinin of sufficient strength to make a post-transfusion 
reaction a probability, 

jNIedical literature a.ssociates autoagglutinins (pathologic cold 
agglutinins) most often with hemolytic anemias, some forms of 
cirrhosis of the liver, paroxysmal hemoglobinuria, trypanosomiasis, 
and repeated transfusions (in rabbits). In this series the condition 
was most frequently associated with infections by hemolytic strep- 
tococci and staphylococci. One patient had had a ruptured ectopic 
pregnancy, and another Avas absorbing a large heqiatoma. It Avould 
appear, therefore, that the destruction of blood Avithin the body 
is an important factor in the deA'elopment of a strong autoagglutinin. 
This suggests the deA’elopment of an antibody against the red cells 
of the same species, and eA'en of the same indiAudual. IIoAveA'-er, 
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this agglutinin is not a specific one, but one capable of acting on the 
red cells of many animals. Ivramer suggests that auto-hpoid anti- 
bodies are developed in such instances, which react with the lipoids 
of the erythrocytes. Mino believes that under certain conditions 
of non-specific stimulation the body produces antibodies in excess, 
including the panagglutinin. Landsteiner’s and Kettle s reports 
of weak cold agglutinins in practically every human blood supple- 
ment this idea. Belk^® has furnished evidence of the same sort in a 
case of infectious mononucleosis. 

It was hoped that this study would show conclusively that post- 
transfusion reactions are caused by, or are associated with, auto- 
agglutinins. In 209 transfusions, practically all by the citrate 
method, performed on 82 patients, there were 23 reactions (11%). Of 
these, 3 were apparently due to cardiac embarrassment, 1 to allergy, 
and 1 to incipient coagulation of the donor’s blood. Two other 
reactions occurred with perfect cross tests, and seemingly should 
be attributed to technique, although every care Avas taken to avoid 
duty apparatus, over-heating or chilling of the blood, and improperly 
made saline.^'^ The desirability of a spray trap in the still was not 
known to meatthetimethisworkwasdone, and this may have been 


a factor in the reaction. I believe, howeA'-er, that conclusions drawn 
later are still justified. The typing sera Avere frequently checked, and 
in no instance was an error made in the blood group of patient or 
donor. This leaA^es 16 reactions (70%) for which there was no appar- 
ent cause except blood incompatibility due to autoagglutinins Avhich 
were demonstrated prior to transfusion in 100% of this group. 
When individual cases are considered, the impression is obtained 
that smaller quantities of blood produced reactions in those with 
strong autoagglutinins, amounts of 110 and 115 cc. having been 
• folloAA^ed by reactions in the former, Avhile no reaction occurred in 
any patient with a Aveak autoagglutinin unless 250 cc. or more, of 
blood was given. In a fcAv instances repeated transfusions AAuth 
increasing amounts of blood resulted in a reaction after the final 
and larger amount. 


Proof positive of the relation betAveen autoagglutinin and post- 
transfusion reaction AA'as not deA'^eloped, howeA’^er, as reactions AA^ere 
not found to be more frequent in those Avith strong agglutinins. 
This obsei-A^ation is modified by the fact that the amount- of blood 
gmen each individual Avas determined in advance by the degree of 
incompatibility as shoAvn by the cross test, and patients whose 
serum shoAA'ed -1-3 and 4-4 autoagglutination Avere either not trans- 
fused at all, or only Avith small amounts. I did not feel justified 
m giving such patients 400 to 500 cc. of blood. Had this been done, 
it IS possible that a liigh per cent of reactions Avould haA^e resulted 
in this group, and so clear proof of the r61e of the autoagglutinin in 
tins connection haA'e been furnished. 

3 he suggestive evidence that agglutinins are productive of post- 
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transfusion reactions lies in these observations: 1, The incidence 
of reactions was quite low in this series in which tlie decision as to 
transfusion and the amount of blood to be given was based on the 
presence of autoagglutinin in the patient’s serum; 2, the only appar- 
ent cause for 70% of the reactions was the presence of autoagglutinin 
in the patient’s blood; 3, smaller amounts of blood seemed capable, 
of producing post-transfusion reactions in patients whose serum 
contained a strong minor agglutinin than in those with a weak 
agglutinin; 4, in a few instances repeated transfusions with increas- 
ing amounts of blood resulted in a reaction after the last and largest 
amount only (Chart 11). 

Chart II.— Hemolytic Streptococcos Septicemia Following Abortion. Auto- 
agglutination +4. Mrs. M. 


Transfusion. Renction. 

Morning . 100 cc. 0 

Noon 1.35 cc. 0 

Evening , . , 250 cc. + 


With the usual method of blood matching transfusion reactions 
are rather frequent, ei’'en when satisfactorj' donors are found! This 
had led to the practice of giving small repeated transfusions in the 
hope of avoiding these reactions. I am ^ure that there is little virtue 
in small transfusions as such, the chief reason for their use being the 
fact that large amounts are dangerous in some cases because of 
blood incompatibilities, or a weak circulation. Any adult in need 
of blood will usually need 400 to 500 cc,, and it is less annoying to 
patient, physician and donor to give this in one operation, if this 
can be done safely. I feel that a method of donor selection which 
demonstrates minor agglutinins has this advantage, that it permits 
a rational, rather than an arbitrary selection of patients for small 
transfusions. It enables one to avoid over-doses of blood in those 
who probably can tolerate only small amounts (those with minor 
agglutinins), and under-doses in those who can safely be given 
400 cc. or more. Very large quantities of blood in small repeated 
doses can, however, be given safely to patients with strong minor 
agglutinins, and if the first few injections be cautiously increased 
in amount, the tolerance of the individual can be determined with- 
out greatly overstepping it (Chart III). 

Another practical consideration is this: Strong incompatibilities 
due to autoagglutinins (pathologic cold agglutinins) most often 
appear as a clumping of the donor’s cells by the patient’s serum. 
Now it is clearly shown that this is a property of the serum, not 
of the cells. Consequently, it is useless to test a succession of donors 
in the hope of finding one suitable, when positive onto- and cross- 
tests with the patient’s serum show that the element of incompati- 
bility lies there. Such a serum will similarly agglutinate the cells 
of all donors (with minor quantitative dift’erences). What is 
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needed in. such cases is not another donor, but another patient. 
Where the auto-test of the patient’s serum is negative, but the cross- 
test positive, an error in blood grouping has probably occurred, 
or an irregular isoagglutinin is present. In such case, and when the 
donor’s serum clumps the patient’s cells, another donor will prob- 
ably prove suitajde. 



10 20 30 40 50 60 70 80 90 100 110 120 

Days 

Chart III. — M. L.; aged 16. Acute osteomyelitis of knee (hemolytic Staphylo- 
coccus aureus.) Recovery. Strong autohemagglutinin in patient’s blood. The 
first 4 transfusions were given within 30 hours. 


The post-transfusion reactions in these 82 cases were character- 
ized by fever of 1 to 2 degrees, or fever and chill, coming on 15 to, 
30 minutes after the transfusion, and lasting 10 to 15 minutes.' 
Rarely was a reaction delayed as long as 1 hour. This observation 
is important, as it justifies repeating transfusions with no more 
than 3 to 4-hour intervals without fear of reactions overlapping. 
In a few cases, pain in the back and a feeling of constriction about 
the chest were complained of. In no case were purpura, hematuria, 
jaundice, or other delayed effects observed. The reactions, however 
were severe enough to be very trying, and in weak individuals alarm- 
ing. Atropin and adrenalin appeared to decrease the severity of the 
reactions. In this connection the possibility of the so-called citrate 
reactions IS dismissed. Pharmacological studies of the effects of 
this drug-1 and practical experience,^^-^^ to my mind, dispose of this 
possibility. Moreover since this series includes 28 transfusions 
of 400 cc or more with 2 gm. of citrate in each without any reaction 
amouSs attribute reactions to citrate when used in smaller 

^as definite imperfections, since there are 
tlipT ^vhich make it difficult to draw final conclusions If 
the sera from a number of patients could be studied with the use of 
ecitlnn, by absorption and by actual titration of the agglutinins 
f “S'! patients, tiff rekti”^ 
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of the minor blood agglutinins to post-transfusion reactions would 
be definitely determined. 

Conclusions. The autohemagglutinin (panhemagglutinin) is shown 
to occur frequently in the blood of patients needing transfusions, 
and to account for the majority of intra-group incompatibilities. 

Evidence is advanced that a large per cent of post-transfusion 
reactions in carefully performed transfusions may be attributable 
to this agglutinin. 

A technique of blood matching designed to detect autoheraagglu- 
tinin and suggestions for transfusing in the presence of this agglutinin 
are given. 
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THE EFFECT OF INJECTING CERTAIN ELECTROLYTES INTO 
THE CISTERNA MAGNA ON THE BLOOD PRESSURE. 


By Harry Resnik, Jr., M.D., 

ABSISTAOT IN MEDICINE, 

M. F. Mason, Ph.D., 

INSTBUCTOH IN BIOCHEMISTRY AND RESEARCH ASSISTANT IN MEDICINE, 

R. T. Terry, M.D., 

ASSISTANT IN PATHOLOGY, BALTIMORE CITY HOSPITAL, 


Cobb Pilcher, M.D., 

ASSISTANT PROFESSOR OF SURGERY, 

AND 

T. R. Harrison, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE, IN* VANDERBILT UNIVERSITY, NASHVILLE, _ TENN. 

(From the Departments of Medicine, Biochemistry and Surgery, Vanderbilt 
University, Nashville, Tenn.) 

In the course of some observations on factors influencing the 
blood pressure of dogs we have tested the effect of urine extracts 
when injected into the cisterna magna. Certain extracts were 
found to have a marked pressor effect when administered in this 
way, but this effect was absent or reversed when these extracts in 
the sam'e dosage were given intravenously. Since the pressor 
effect of intracisternal injection was not abolished by ashing the 
e.xtracts and redissolving the residue in water, we were led to 
surmise that it was dependent on the presence in our extracts of 
inorganic salts. Accordingly, a study of the action on blood pres- 
sure of various electrolytes was undertaken. 

Method. Most of the observations were made in dogs; a few 
goats were studied also. The animals were anesthetized with 
sodium pentobarbital (“nembutal”), 30 mg. per kg. of body weight, 
administered intravenously. If during the course of an experiment 
the animal became restless, small additional doses of the drug were 
administered. Blood pressure was measured with a mercury man- 
ometer connected with a cannula in the femoral artery. The 
cisterna magna was punctured with a 20-gauge needle connected 
with a tap which could be opened for removal or injection of solu- 
tions, or closed to prevent escape of fluid. Ordinarily, the. needle 
and tap were left in situ for the duration of the experiment. In 
order to minimize changes in intracranial pressure injections were 
preceded by the removal of an amount of spinal fluid equivalent to 
the volume of the solution to be injected. When hypertonic solu- 
tions were administered, their effects were u.suallv controlled' bv 
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the injection of equimolar sodium chlorid. Hypotonic solutions 
were made approximately isotonic bj’’ the addition of sodium chlorid. 

In many of the experiments, analyses of the spinal fluid for 
calcium were made. For this purpose the Clark-Collip' modifica- 
tion of the Kramer-Tisdall^ method was employed. 

It was found that whenever respiratory ■ paralysis occurred, a 
terminal rise in blood pressure, apparently due to asphyxia, was 
noted. In presenting the data only those effects are considered 
as significant which lasted for several minutes or longer after the 
injection; for injections of any liquid, even the dog’s own spinal 
fluid, sometimes caused slight evanescent changes (in either direc- 
tion) in blood pressure. 

With these general methods a series of electrolytes was studied, 
including sodium, potassium, calcium, magnesium, lead, chlorid, 
sulphate, nitrate, oxalate, phosphate and citrate ions. 

Eesults. A. Observations on Dogs. Sodium Chlorid. In an 
occasional dog a slight temporary rise in blood pressure might be 
produced by any intracisternal injection, even that of isotonic salt 
solution. Such effects were exceptional, lasted only a few seconds, 
and did not simulate the marked and prolonged effects produced 
by other ions. Increasing the strength of the sodium chlorid con- 
centration was without effect until concentrations approaching 
molar were reached. Similar results were obtained with sodium 
sulphate. These observations indicated that the pressor efi’ects 
which were obtained with much weaker dilutions of electrolj'tes 
cannot be ascribed to osmotic action. 

Potassium Chlorid. When solutions ranging between 50 and 
100 millimols per liter were injected in doses of 1 cc., a marked 
difference was observed between the effects of the first and of 
subsequent injections. The initial injection usually caused a decline 
in blood pressure. The second injection caused either a decrease 
—of lesser degree than that produced by the first— an increase, or 
a diphasic effect, the decline preceding the rise. The third and 
all subsequent injections usually caused an increase in blood pres- 
sure without a preliminary decrease, the effect being more or less 
proportional to the dose. Different dogs exliibited qualitative 
similarity but displayed considerable differences in the degree of 
response (Table 1 and Figs. 1 and 2). 

The description applies only to doses within the range mentioned. 
Smaller amounts usually produced no effects when given initially 
but, in unusually responsive dogs, caused an increase in blood pres- 
sure after the animal had been previously “sensitized ” by two or 
more preceding larger doses. Wien more concentrated solutions 
were used the initial injection usually caused a rise in blood pres- 
sme which might or might not be preceded by a temporary decline, 
and subsequent doses produced a marked rise. 

The duration of the pressor response was variable in different 
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dogs and was usuaUy greater with larger doses. 

lasted several minutes and not infrequently ^d T 

Fig. 2 illustrates a typical response, which endured for 18 minutes. 

T..S. l.-Taa Err.or os the A.tekee 


— 


First injection. 

Second injection. 

Subsequent injections. 

pate, 

1935. 

Weight 
of dog, 
kg. 

Solution 

Change 

Solution 

injected, 

Change 
in blood 

Solution 

injected. 

Cliange 
in blood 


millimols 
per liter. 

pressure, 

mm.Hg. 

millimols 
per liter. 

pressure, 

mm.Hg. 

millimols 
per liter. 

pressure, 

mm.Hg. 

Jan. 4 

5.0 

67 

-42 

67 . 

-i-24 

50 

50 

+18 

+20 

14 

9.0 

100 

-18 

100 

+18 

50 

+ 8 

14 

8.0 

100 

+64t 

50 

+56 

33 

+ 6 





50 

+30 

18 

10.8 

100 

-48 

100 

+20 

60 

0 





67 

+60 

22 

8.7 

100 

-18 

100 

+64 

50 

+40 

23 

8.1 

100 

-16 

100 

-12 

100 

+46 





50 

+16 

24 

10.4 ' 

67 

- 8 

67. 

+52 

50 

+20 

25 

10.0 

100 

-.38 

100 

+54 

50 

+34 

26 

11.5 

100 

-40 

100 

+88 



Apr. 5 

19.5 

67 

-28 

67 

+10 




* The amount of fluid injected was 1 co. in each instance. 
+ This increase was preceded by a diminution of 36 mm. 



Note. — In all figures the curves run from left to right. The time intervals on the 
base line are G seconds. The distance between two adjacent horizontal lines repre- 
sents 20 n\m. of mercury. Arrows denote injections. 

Fig. 1. — The throe curt'cs represent typical effects of repeated injections of potas- 
sium chlorid, the first injection causing a depressor response, the second producing 
a diphasic reaction and the third initiating a pressor effect. 


Potassium chlorid solutions not only affected the blood pressure 
but other functions as well. Respiration was usually increased, 
the breathing often became stertorous, and the respiratory variations 
in blood pressure became more pronounced (Fig. 1). ' Sometimes 
the stimulation of breathing was noted following injections which did 
not affect the blood pressure. Restlessness, rigidity, opisthotonos 
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and muscular twitchings were frequentlj^ observed; convulsions ' 
were noticed only occasionally. The general picture was not unlike 
that of uremia as observed in patients. 




B 

Fig. 2. — The marked pressor effect produced by potassium chlorid (.4) was not ob- 
tained ndth sodium chlorid (B). Since the latter solution was five times as con- 
centrated the records indicate that the pressor response could not have been due 
to increase in osmotic pressure. 


The intravenous injection of equivalent amounts of potassium 
chlorid had no effect on blood pressure and produced no obtuous 
changes in the general state or in the breathing of the animals. 
It is, however, of interest to note that Harrison, Friedman and 
Resnilc^ obsert'ed respiratory stimulation following the intravenous 
administration of much larger amounts of potassium chlorid than 
were employed in our intracisternal injections. The same authors 
also observed an increase in the blood, pressure in man;^" of their 
experiments. 

To eliminate the possibility that the pressor responses were 
dependent on the anesthetic employed, a few observations were 
made on dogs anesthetized with ether. Injections of potassium 
chlorid produced in them also a well-marked rise in blood pressure. 
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The pressor effect was sometimes diminished but was not abolished 
by the previous intracisternal injection of small aroounts ot ether 
or of sodium pentobarbital (Fig- 3). The anesthetic did not aug- 
ment the pressor response. It, therefore, seems unlikely that the 
effects observed can be ascribed to the narcotics used. Quite pos- 
sibly the anesthetics, ydiich themselves lower blood pressure when 
given intracisterhally, may tend to make the animal less responsive 

to the potassium chlorid. . ■ . . 

It has seemed desirable to determine, if possible, the location ot 
the area through which the potassium chlorid exerts its effect. The 
existence of a “vasomotor center” in the floor of the fourth ventricle 
has long been assumed, but its exact location is unknown.'^'^’® 
Furthermore, the recent demonstrations of various vegetative 
centers in the hypothalamus^'®*® have suggested the possibility that 
the vasomotor effects of medullary lesions might be the result of 
injury to projection pathways from the hypothalamus rather than 
to a specific nuclear “center” in the medulla. 
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Fig. 3. — Following the injection of ether the pressor response (B) to potassium 
chlorid was somewhat less than before (.A). ■ The record (C) is from another dog and 
shows that nembutal diminishes slightly the pressor response to potassium chlorid. 


In each of 4 dogs anesthetized with sodium barbital, the following 
experiment wms performed. The medulla and cerebellum were 
exposed by wide removal of the occipital bone and arch of the atlas, 
and opening the dura. The arachnoid over the outlet of the fourth 
ventricle was incised. An opening was made in the bone and 
dura oyer the left occipital lobe sufficiently large to allow anterior 
retraction of the occipital lobe, exposing the tentorium. A small 
ureteral catheter connected with a tuberculin syringe was inserted 
into the fourth ventricle, after careful removal of any free cerebro- 
spinal fluid with a small pledget of cotton. Through the catheter 
0.1 cc. of a solution of potassium chlorid (100 to 1000 millimolar) 
was injected. A prompt rise in blood pressure occurred in all 
experiments (Fig. 4.4). Equal amounts of the solution were then 
placed upon the dorsal surface of the medulla (below the fourth 
ventricle) and subsequently upon the upper cervical cord. In no 
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instance was any effect upon blood pressure demonstrated following 
these procedures. 

The occipital lobe was then elevated from the tentorium and 
the upper brain stem rapidly severed at the level (intercollicular) 
of the tentorium. Hemorrhage was controlled by a large moist 
cotton pack. As soon as the blood pressure reached a constant 
level (usually 15 to 25 mm. below the previous level), the injection 
into the fourth ventricle was repeated. In all experiments, a prompt 
rise in blood pressure occurred. This rise was similar in degree to 
that occurring previous to the section of the brain stem in 2 experi- 
ments (Fig. 4:B) and was slightly less than that previously observed 
in the other instances. In 2 experiments, the medulla was then 
sectioned below the fourth ventricle and the injection immediately 
repeated. Pressor responses did not occur. Necropsy revealed 
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Fig. 4. — Section of the brain stem at the level of the tentorium (9) did not abolish 
the pressor response to potassium chlorid. (See text.) 

complete intercollicular section in 3 of the 4 experiments. In the 
remaining one a small strand of the superior, lateral portion of the 
cerebral peduncle remained intact. 

These experiments show that the site of action of the injected 
solution was between the inferior colliculus and the outlet of the 
fourth ventricle, and that the effect was mediated through path- 
ways extending down the spinal cord rather than through the 
cranial autonomic efferent channels. On account of the rapidity 
of occurrence of the effect and the small volume of solution injected, 
it seems probable that this area lies close to the surface in the floor 
of the fourth ventricle. 

Further studies concerning the more exact localization of the 
mechanism are in progress. 

Calcium Salts. In view of the physiological antagonism^” between 
potassium and calcium, it seemed desirable to investigate the 
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effects of intracisternal injections of calcium salts. Table 2 shows 
the results of such injections. The calcium salts injected were the 
chlorid, lactate and gluconate. These salts usually caused a slight 
decline in blood pressure, but marked diminution was not observed 
and in some instances no decrease occurred. A significant rise in 
blood pressure was not produced by calcium salts in any of the 
experiments. 

Table 2. The Effect op the Intracisternal Administration op Calcium 

Salts in the Arterial Blood Pressure of Dogs. 


Concentration 



Weight 


of injected 

Change in 

1934 to 

of dog, 

Calcium Balt 

solution, 

blood pressure. 

1935. 

kg. 

employed.* 

millimols 

mm.Hg. 




per liter. 


Dec. 7 

. . 14.6 

Chlorid 

50 

- 5 



Chlorid 

50 

-10 

20 . 

. . 10.3 

Chlorid 

100 

-30 

22 . 

. . 12.2 

Chlorid 

50 

-t- 5 

28 . 

. . 6.0 

Chlorid . 

5 

-20 

Jan. 5 . 

. . 10.5 

Chlorid 

5 

- 5 

Feb. 15 . 

. . 12.0 ■ 

Chlorid 

100 

-20 



Lactate 

(Suspension) 

-10 

21 . 

. . 10.2 

Lactate 

118 

-10 

23 . 

. . 11.3 

Gluconate 

100 

-23 

25 

. . 8.7 

Lactate 

50 

0 

26 

. . 8.0 

Chlorid 

50 

- 5 



Lactate 

50 

- 8 



Gluconate 

50 

-15 

27 

. . 8.1 

Gluconate 

50 

-20 



Lactate 

100 

0 



Gluconate 

50 

-28 



Lactate 

50 

-10 

28 

. . 12.1 

Lactate 

50 

+ 5 



Gluconate 

100 

0 



Lactate 

50 

-15 

Mar. 1 

. . 10.2 

Gluconate 

50 

- 5 



Lactate 

50 

+ 5 



Gluconate 

50 

+10 


* The amount of solution injected -was 1 cc. in each instance. 


In contrast to their relatively slight effects on blood pressure, 
calcium salts were found to have a strildng inhibitory action on the 
pressor effect of subsequently injected potassium chlorid. Doses 
of the latter which regularly caused marked rise in blood pressure 
were entirely without effect when administered after calcium salts 
(Fig. 5). Even so small a dose as 1 cc. of two-hundredth molar 
calcium chlorid occasionally prevented the rise in blood pressure 
which otherwise would have followed injection of a much more 
concentrated solution of potassium chlorid (Fig. 6). 

, The duration of this inhibitory action of calcium salts varied in 
different dogs. _ A comparison (Table 3) of the three different salts 
seemed to indicate that when they were injected in equimolar 
amounts the gluconate had the most prolonged effect and the 
chlorid the least, the lactate being intermediate. A point which 
seemed of especial interest, and which is illustrated in Table 3, was 
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the lack of parallelism between the height of the spinal fluid calcium 
and the effectiveness of the calcium salt in preventing the rise of 
blood pressure produced by potassium injections. Thus, in several 
instances the effect of calcium salts in maldng the animal insensitive 
to potassium chlorid persisted after the calcium content of the 
cerebrospinal fluid had returned to a normal level. In other observa- 
tions the animal recovered sensitivity at a time when the cerebro- 
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Fig. 5.— The pressor response to potassium chlorid (A) was abolished by calcium 

lactate (B.) 
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Fig. 6. — The very dilute solution of calcium chlorid (B) which caused relatively slight 
decline in blood pressure abolished the pressor response to potassium chlorid (A.) 

spinal fluid calcium was still considerably elevated. These observa- 
tions suggested that the calcium content of the nerve tissue rather 
than that of the cerebrospinal fluid is of chief importance in the 
inhibitory effect produced by this ion. 

Observations were made in order to determine whether the intra- 
cisternal administration of calcium salts would have a general 
effect in abolishing or in diminishing pressor reactions which were 
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TABI.E 3.-THBf Relation op.the JIuhation of the Inhieitort Effect of Calcium 
TO THE Calcium Content of the Cerebrospinal Fluid. 


Weight 

i of dog, I 
kg. 


Calcium 

salt 

injected.* 


Concentration Duration 
of calcium salt, of inbibi- 
millimols per tory effect, 
liter. hours. 


Spinal fluid calcium. 

After calcium. 

Before 

calcium 

injection. period of recovery of 
inhibition.! sensitivity. 


Feb. 15 


Chlorid 

Lactate 

Lactate 

Gluconate 

Lactate 

Chlorid 

Chlorid 

Lactate 

Gluconate 

Gluconate 

Lactate 

Gluconate 

Lactate 

Lactate 

Gluconate 

Lactate 

Gluconate 

Lactate 


100 

250 

(Suspension) 

117 

100 

50 

SO 

SO 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 



* The dose injected was 1 cc. in each instance. 

t At the time when these samples were withdrawn the animals were still insensitii-e 
to potassium injections. The values in the next column are for samples taken when 
the animals had recovered sensitivity to potassium injections. 
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not due to central chemical stimuli. As is illustrated in Fig. 7A, 
the response to adrenalin was not altered by the administration of 
calcium into the cisterna. Similar negative results were obtained 
as regards the carotid sinus reflex (Fig. 7B). The degree of rise in 
blood pressure produced by clamping the carotid arteries was not 
altered by calcium injections. It appears, therefore, that the 
inhibitory action of calcium on pressor agents does not include 
those which increase the blood pressure through reflex mechanisms 
or through action on the peripheral vessels. 



Fig. 9. — Following the injection of calcium chlorid no pressor response was 
obtained from potassium chlorid. This inliibitory effect of calcium chlorid w'as 
removed by the injection of sodium o.xalate, the animal now reacting with a marked 
rise in blood pressure when potassium chlorid was again injected. 


T/ie Effect of Anions. No significant effects on blood pressure 
were noticed after the injection of 1 cc. of the sodium salts, of 
chlorid, sulphate and nitrate in concentrations up to 200 millim|ols 
per hter. With larger doses slight increases in blood pressur^— 
apparently due to osmotic effects— were observed. Pronounced 
rise in blood pressure occurred following the intracisternal adminis- 
tration of di-sodium phosphate, sodium oxalate and sodium citrate 
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(Fig. 8). These effects could be prevented by the previous admin- 
istration of calcium salts.' Furthermore, administration of these 
anions abolished the inhibitory effect of calcium salts on the pressor 
response to potassium chlorid (Fig. 9). 



Fig. 10.~The negative result from calcium citrate appears to indicate that the 
positive response to sodium citrate was due to the calcium binding property of the 
citrate ion. 


The injection of sodium phosphate and sodium oxalate, as 
expected, was found to cause a marked ’decrease in the total soluble 
spinal fluid calcium content. However, the injection of sodium 
citrate caused a significant decrease in the spinal fluid calcium con- 
tent in only 1 of 5 observations (Table 4). It is known that citrate 



Fig. 11.— U hen given at the height of a pressor effect produced by potassium 
chlorid, magnesium sulphate was followed by a decline "in blood pressure. A sub- 
sequent injection of potassium chlorid was now ineffective. 


binds calcium as an un-ionized complex. This fact coupled with 
the observation that the injection of calcium citrate had no effect 
(Fig. 10) seems to indicate that the effect of calcium chlorid and 
lactate is independent of the total concentration and is related only 
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to the ionized calcium. Since there is evidence winch suggests that 
the choroid plexus is relatively impermeable to calcium salts, 
the rise in spinal fluid calcium, which occurred in certain instances, 



following the. injection of citrate can best be explained by the 
assumption that calcium diffused out of the tissues of the nervous 
system into the cerebrpspinal fluid. 
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Table 4.— The Effect of Sodiuji Citrate on Spinal Fluid Calcium 


Date, 

1935. 

Before. 

After. 

Feb. 5 . 

. . 3.8 

5.0 


4.6 

7.1 

6 . 

. . 5.8 

5.4 



5.7 

Apr. 15 . 

. . 4.7 

3.7 

4.0 

4.2 


Amount of sodium citrate. 

1 cc. M/so sodium citrate. 

20 min. after 1 cc. sodium citrate. 
About 2 min. after 1 cc. M/so sodium 
citrate. 

About 10 min. after 1 cc. M/so sodium 
citrate. ^ 

1 cc. M/so sodium citrate. 

1 cc. M/so sodium citrate. 


Magnesium Salts. Only a few observations have been made using 
the chlorid and the sulphate ions. Insofar as the experiments go, 
they indicate that these salts have an action similar to, but less 
pronounced than that of calcium salts (Fig. 11). Doses which in 
themselves had little or no effect on blood pressure produced a 
pronounced inhibition of the pressor effect of potassium salts. 
The duration of this inhibitory action appeared to be shorter than 
when calcium salts were used. With large doses of mapesium 
chlorid or sulphate, respiratory paralysis and terminal rise in blood 
pressure, apparently due to asphyxia, occurred. When magnesium 
salts were administered at the height of the pressor effect produced 
by potassium, the' blood pressure fell rapidly to a normal level in 
some observations but not in others. 



A B 

Fig. 13. — The two curves represent two different goats. Potassium chlorid (A1 
and disodium phosphate (B) caused well-marked rise in blood pressure. 

Lead. In view of the clinical evidence^^ which points toward a 
relationship between plumbism and increased blood pressure, 
observations were made concerning the effect of lead nitrate when 
administered into the cisterna. Single large doses of lead nitrate 
produced a marked and sustained rise in arterial pressure, ^^^^en 
smaller^ amounts were used a decline in blood pressure from the 
first injection was obtained, followed by an increase after subse- 
quent doses. The pressor effects of small doses are slower in onset 
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and more prolonged than those produced by potassium chlorid. 
Doses of lead nitrate which are without effect when injected intra- 
venously may cause a marked rise in blood pressure when given into 
the cisterna. These observations are illustrated in Fig. 12. 

B. Observations on Goats. In order to determine whether 
the effects observed in dogs were due to some species peculiarity, 
it seemed desirable to make observations on other animals. Goats 
were chosen because they were of a convenient size and further 
because they represented a species of mammal far removed from 
the dog. 

Goats proved less satisfactory than dogs as experimental animals 
because they were less readily anesthetized with sodium pento- 
barbital, and doses sufficient to keep them quiet were likely to be 
fatal. In two observations not complicated by this difficulty, the 
qualitative responses were similar to tliose found in dogs. Fig. 13 
illustrates the effects of potassium chlorid and of sodium phosphate. 

Discussion. The foregoing results, which are similar in a general 
way to those obtained by Hastings*® in a study of the mechanism 
of tetany, indicate that the arterial blood ]n-essure may be markedly 
influenced by changes in the electrolyte pattern of the cerebrospinal 
fluid, and that the effects may be exerted through a nerve mechanism 
situated in or near the floor of the fourth ventricle. 

The most pronounced changes in blood pressure have been 
obtained by alterations in the amounts of potassium or calcium. It 
is well known**’*® that these cations have marked influence on cell 
permeability, but whether any relationship exists between this 
action and their effects on blood pressure is uncertain. 

Kylin*® suggested that the increased peripheral resistance of 
patients with hypertension is the result of disturbance in the sym- 
pathetic nervous system secondary to changes in the K/Ca ratio. 
Weinstein and Weiss,*' who reviewed the literature on this subject 
and reported a large series of cases, concluded that the available 
evidence does not favor this assumption. Calculations from our 
experiments indicate that the potassium content of the spinal fluid 
would have to increase by 50 to 100% to produce a marked elevation 
of blood pressure. (Of course, there is the possibility that man is 
more sensitive than the anesthetized dog to changes in the concen- 
tration of potassium.) More must be known about the amount and- 
state of potassium in nerve cells before a justifiable claim can be 
made concerning a possible role of potassium salts in the production 
of hypertension. 

Of the several anions which cause an increase in blood pressure 
when injected into the cisterna, phosphate is the only one which 
is known to accumulate in the body in pathologic states. The 
recent work of Hastings*® and of McLean and Leiter'® have sup- 
ported the idea that the muscular twitchings of uremia are dependent 
on a diminution in the amount of ionized calcium in the body fluids, 
as the result of phosphate retention. Possibly the additional 
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increase in blood pressure which often occurs in the uremic state is 
related to the same mechanism, but further e^ddence is needed before 
this point can be regarded as established. 

The frequenc 3 ^ of hypertension in persons exposed to lead, has 
been emphasized by PaP" and by Riegel.^i The experiments of 
Tscherlvess/2 who showed that lead caused contraction in isolated 
vessels, pointed toward a peripheral action of this rnetal. However, 
our experiments showed that doses which are ineffective intraven- 
ously may cause a pronounced elevation when given intracisternally. 
It seems*^ likely, therefore, that lead hypertension may be due to 
the deposition of the metal in the nervous system. In favor of this 
point of view is the fact that lead encephalopathj'^ is accompanied 
by increase in blood pressure, as Fishberg'^ has emphasized. 

Summary. The intracisternal administration of potassium chlorid 
caused a marked rise in the blood pressure of dogs. Similar doses, 
of sodium chlorid were without effect. Calcium salts produced 
only slight decline in blood pressure but bad a marked and prolonged 
effect in preventing a rise in blood pressure from subsequent injec- 
tions of potassium chlorid. Salts such as oxalate, phosphate and 
citrate, which diminish the ionization of calcium, had marked pressor 
effects. Salts of magnesium had' an action similar to, but less 
marked than that of calcium salts. Lead caused a delayed but 
prolonged rise in blood pressure. All of these actions were observed 
following the intracisternal injection of doses which were ineffective 
when administered intravenously. 

The site of action of these electrolytes appeared to He in or near 
the floor of the fourth ventricle. Effects persisted after section of 
the brain stem above this level, were not obtained after section 
below, and were elicited by the application of as little as 0.1 cc. 
directly to this area. 

Goats reacted similarly to dogs but seemed to be less sensitive 
to the various electrol.ytes. 

Since the inhibitory effect of calcium on subsequently injected 
potassium did not parallel the concentration of calcium in the 
cerebrospinal fluid, it is believed that the diffusion of calcium into 
the nerve cells was responsible for its effects. 

Since the injection of calcium citrate was ineffective and since 
the_ administration of sodium citrate, although sometimes causing 
an increase in the total calcium content of the spinal fluid, had an 
effect similar to that from oxalate and phosphate, it is concluded 
that only the ionized calcium is of importance in inhibiting the blood 
pressure response to pressor electrolytes. 

All of these electrolytes, if given in large doses, produced death 
by respiratory paralysis. _ j\Iarked initial stimulation of breathing 
was produced by. potassium, phosphate, oxalate and citrate, but 
not by calcium and magnesium. The former salts also caused 
general restlessness and muscular twitchings. These effects were 
relieved by ionized calcium salts. 
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BLOOD TRANSFUSION IN TYPHOID FEVER. 
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In our first papeP on this subject we reported favorable results in 
10 severe cases of typhoid fever treated with blood transfusion. 
Since that time, we have continued using blood transfusion as a 
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treatment of severe cases of typhoid fever showing symptoms of 
marked toxemia. Our present series included only unmistakable 
cases of typhoid fever verified by blood culture. Our controls were 
also positive in blood culture and they were given the regular symp- 
tomatic treatment only. Our transfused' cases and controls were 
taken from the same group of patients, in such a way that each 
group represented as far as possible the same severity of the disease 
in the same period of time, matched individually as closely as possible. 
Alternative controls could not be made because we could not obtain 
serial cases of the same severity in the same period of the disease 
and available at the same time; but we made it a point to select 
our patients from the severe cases as indicated not only by the clini- 
cal symptoms, but also by positive blood culture in every instance. 
In another report** the writers have had occasion to present the prog- 
nostic value of blood cultures in this disease and it is because of this 
fact that we have persisted in making lilood culture tests in all of 
our cases. 

Procedure. We remove 150 cc. of blood from the patient and imme- 
diately replace them by direct transfusion of 200 cc. of blood from a donor. 
We purposely started the blood exchange with small amounts, so that we 
could repeat the treatment as frequently as warranted by the circumstances. 
If no favorable reactions were observed, or if marked toxemia returned, we 
repeated the blood exchange the day following or as often and as many times 
as required by the severity of the cases after an interval of 2 to 4 days. Some- 
times, we gave as many as 7 transfusions. 

In cases, however, where there was intestinal hemorrhage, we did not 
remove blood from the patient but proceeded at once to transfuse 200 cc. 
of blood from the donor. Intestinal hemorrhage in itself is already a natural 
method of exsanguination, so we believed that no further withdrawal of 
blood from the patient would be necessary or advisable. 

Observations. So far, we have treated 41 severe cases of typhoid 
fever with blood transfusion and 34 cases wdthout. We have suc- 
ceeded in reducing the fatality from 47.05% in the cases of our con- 
trol (without blood transfusion) to 24.39% in our transfused cases 
(Table 1). 

•Tablb 1.— Fatality of Typhoid Fevek with Blood Transfusion (1933-19.34). 

T, , , F.Ttality rate, 

Recovered. Djcd. Total. per cent. 

Transfused • 31 10 41 24.39 

Non-transfused (control) . . 18 16 34 47.05 

Discussion. The rationale of our method of treatment is based 
on the principle of detoxication brought about by the withdrawal 
of blood from the patient and its immediate replacement with new' 
blood from a donor. One can easily realize how' the removal of the 
blood of a typhoid patient, loaded with the typhoid toxins and the 
introduction of new’ fresh blood from a donor, w'ould bring into the 
system new protective elements against the disease. We agree with 
Tremelieres and Tzanck that "blood transfusion is capable of increas- 
ing and stimulating the organic defenses already insufficient or 
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decreased.® . . Furthermore, it is well known that blood trans- 
fusion has always an excellent antihemorrhagic effect. 

In some old treatises on internal medicine, we read that many 
clinicians used to remove blood from their typhoid patients without 
however giving them a blood transfusion. For instance, Grisolle- 
withdrew from 12 to 16 ounces of blood which, at times, he even 
repeated twice consecutively; Chirac,- 4 to o cups every 13 hours 
until the pulse improved; Forget,- 28 ounces; Bouillaud,- 3| pounds, 
and Louis, ^ 12 ounces to be repeated in severe cases. However, 
this method of typhoid treatment was later discontinued and fell 
into disuse for many years. Even in our modern medical literature, 
we find reports of some clinicians employing simple blood transfu- 
sion without partial exsanguination in tjqjhoid fe^'^er, particularly 
in cases with intestinal hemorrhages, but apparently in no case 
was the treatment followed up sufficiently to make of it one of the 
more classical therapies of our present days. 

P^or our part, we use partial exsanguination followed at once by 
blood transfusion as a general treatment in our severe cases of 
typhoid fever. We belie\'’e that this procedure brings about a more 
rapid detoxication and an early neutralization of the poisons in the 
system, an immediate introduction of protective elements and the 
stimulation of the defenses of the body. 

The idea of detoxication by partial exsanguination is borne out 
bj'^ clinical observations in typhoid patients with moderate or even 
severe hemorrhages, after which, convalescence begins in many 
cases. 

The beneficial results of this kind of treatment are readily seen in 
Table 1. The fatality was actually reduced from 47.05% in non- 
transfused cases to 24.39% in those that were transfused. As 
in our previous observations,'* here again we were able to test the 
important significance of continued positive blood culture in the' 
appreciation of the ultimate outcome of the case. 

After blood transfusion, we have generally observed a decrease in 
temperature, usually from 2 to 4 daj-s accompanied by a decided 
improATment of the pulse which becomes stronger and more regular, 
and a gradual subsidence of other toxic sjunptoms with a general 
impro's'ed feeling on the part of the patient. 

Some cases, however, may develop chills or chillj'- sensations a 
quarter or half an hour after the transfusion, lasting for several 
minutes and followed usually by a momentary rise in temperature 
which becomes normal or subnormal after a short time, in some cases 
accompanied by sweating. This temperature soon rises again to 
about the same level as before the injection but will gradually 
subside afterwards in favorable cases. 

In about half of our series of 41 cases, we have repeated the trans- 
fusion of blood as circumstances demanded, as follows: 
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1 blood transfusion to 22 cases, 2 in 10 cases, 3 in 6 cases, 4 in 
1 case, 5 in 1 case, 7 in 1 case. 

Treatment by immuno-transfusion is based on the theory that 
blood which has acquired immunization in typhoid either by actually 
having had the disease or by vaccinations will be more effective in 
the treatment of this particular disease. This was true with the 
observations of Becart,i Tremelieres and Tzanck” who found good 
results in the treatment of typhoid fever with immuno-transfusion. 
But on the other hand, Weil, Rouillard, Netter, Andibert, Tixier 
and Seze^ have observed beneficial results with the use of non- 
immunized blood. We have also begun observations along these 
lines but until now, we do not feel justified to report them. We have 
obtained some prom'ising results, but the number of our cases is 
still too small to warrant definite conclusion: 

Summary. This material is presented as a preliminary report; 
for it is realized that the observations are rather limited and the 
number of cases (41) included in our series is comparatively small. 

Purposely, the author selected only these cases of typhoid fever 
that were regarded as severe, verified by positive blood culture and 
with marked toxemic manifestations. 

The study was carried as far as possible under similar conditions 
for the treated and the control cases. 

Partial exsanguination has always been practiced immediately 
preceding blood transfusion, except in those cases where intestinal 
hemorrhages had occurred. 

The fatality percentage was reduced from 47.05% in the control 
cases to 24.39% in the treated cases. 

Conclusion. In spite of the limited number of cases and in view 
of the promising results obtained, it is thought that this method is 
of sufficient value that it should be given a fair trial by others in the 
near future. 

The writers desire to e.xpress thanks and appreciation to President Jorge Bocobo 
of the University of the Philippines, and to Dean Fernando Calderon of the College 
of Medicine, for their generous grants which made these observations possible. 
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For and Against Doctors. An Anthology Compiled b 3 ’- Robert Hutch- 
ison and G. M. Wauchope. Pp. 108; illustrated. Baltimore; William 

Wood & Co., 1935. Price, S2.00. 

This urbane little anthologj’- pretends to do no more than scratch the 
surface of the vast corpus of opiniative literature on the virtues and ^^ces 
of the practitioners of the world’s second oldest profession. The material, 
most of which appeared originall 3 >- in the London Hospital Gazette, is arranged 
in clironolo^cal order, beginning vith proverbs of indefinable antiquity 
and concluding vnth such irrepressible, if sadl 3 ’- fading, moderns as G. B. S., 
G. K. Chesterton and Dean Inge, no one of these being very felicitous^'' 
represented. The dicta come from man 3 ’' lands and man 3 ’' hands, and repre- 
sent for the most part la 3 '' opinion. This ranges vade^', as is to be expected, 
from the grossest abuse to the most unqualified endorsement. The ivittiest 
expressions, as often the most profound, are to be sought in the former cate- 
gor 3 '', in accordance ■with the well-known frailty of human nature. But it is 
not eas 3 ' to forget Stephen Paget’s words (from the Confessio Medici) which 
conclude tliis antholog 3 '— “If a doctor's life may not be a di-dne vocation, 
then no life is a vocation, and nothing is di'vine.” 

It is much to be hoped that a more comprehensive collection of similar 
excerpts ma 3 ' someda 3 '' be made, and that it ma 3 '' include more of what the 
doctors Im'e had to say about themselves. It should not include the tri^^al, 
however illustrious the oracle, when the literature of all lands is so rich in 
original and pungent obser's’-ations on the subject, hleanwhile, this prelude 
to the potential grand fugue ought to be in the librar 3 ' of ever 3 '' doctor with 
a sense of humor and a pride in his profession. W, McD., 2d. 


Die Liquordiagnostik in Klinik und Praxis. By Dn. Hans Hemjie, 
Privatdozent fiir Neurologic, Chefarzt der neurologischen Abteilung des 
aUgemeinen Kr ankcnliauses Barmbeck in Hamburg. Pp. 205; 96 illus- 
trations. Miinchen: J. F. Lehmanns, 1935. Price, Mk. 7. 

A CONCISE treatise on the laborator 3 ’' examination of the cerebrospinal 
fluid. There are introductor 3 ’' chapters on anatomy and ph 3 'siolog 3 ''; then 
follow a description of the technique of the usual tests, and a clear exposi- 
tion of normal findings. The latter half outlines the characteristics of the 
cerebrospinal fluid in the chief neurological and neurosurgical disorders. 
Pathologists, internists, and neurologists will value the bgok for the acces- 
siliility of its material, and for the clear description of the procedures 
advocated. W. J. 


Les Parathyroides. First Fascicle, Volume 2 of Traite d’Endocrinol- 
ogie. By C. I. Parhon, Professeur a rUniversite de Jassy, and M. 
Goldstein, Docent a I’TJniversite de Bucarest. Pp. 524; illustrated. 
Jassy: H. Goldner, 1935. Fr. francs, 40. 

In this first fascicle of Volume 2 of this treatise, the first that has reached 
us, the normal and pathological anatom 3 '' of the parath 3 T’oids, the human 
and comparative s3’Taptomatology of parath3Toid disease, their relation to 
certain disorders of the bones, the skin and the nervous system and to 
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Other endocrine disorders and paratlijToid therapy are presented in con- 
siderable detail. In the very frequent references to the worlcs of other 
writGrs, tliG volumG resGinbles a inonograpli more tlian a textbook, but 
fortunately for those vdshing to use it as a reference book, the bibliography 
has been reserved for the second fascicle, which vdll be on the thj^ius. One 
misses an index also, as is customary in books in French; vntli the method 
of composition used in this book, an extensive index would have been 
especially valuable. E. K. 


The Cerebrospinal Fluid and Its Relation to the Blood. A Phj^sio- 
logical and Clinical »Study. By Solomon Katzenelbogen, M.D., 
Associate in Psychiatry, in charge of The Laboratory of Internal Medi- 
cine, The Henry Phipps Psychiatric Clinic, The Johns Hopkins Medical 
School, etc. Pp. 468; 48 tables and 20 charts. Baltimore; The Johns 
Hopkins Press, 1935. Price, S5.00. 

This reference book is divided into two parts. The first three chapters 
deal with the origin of the cerebrospinal fluid, its mode of fonnation, and 
circulation. The remainder of the volume is devoted to the chemical con- 
stitution of the fluid compared to that of blood. 

In a reference work the reader hopes to find each chapter introduced 
by a statement of the problem followed in turn bj'^ a marshalling of data, 
critical comments and conclusions, and a-summary; at the end of the book 
a complete bibliography and a workable index. Such is the author’s plan. 
Of the components mentioned, only the first leaves something to be desired. 
Particularly commendable is the scrupulous separation of data from the 
author’s comments. The result is a scholarly and prudent treatise, worthj^ 
of a place on the shelf of every researcher in the subject. For the rare gift 
of an incisive style that points the challenge of the chosen field, the reader 
of this volume seeks in vain. G. McC. 

Pollen Grains. Their Structure, Identification and Significance in 
Science and Medicine. By R. P. Wodehouse, Ph.D., Scientific Director 
of the Hayfever Laboratory, The Arlington Chemical Companjq Yonkers, 
New York. Pp. 574; 123 illustrations and 14 plates. New York: 
McGraw-Hill Book Company, Inc., 1935. Price, 86.00. 

Far and away the finest text available on the subject of pollen grains 
from the medical point of view. In Part I, after an interesting historical 
re\dew, the author discusses methods of collecting pollen in large amounts, 
preparation of pollen for microscopic examination, atmospheric pollen, 
hayfever, pollen-grain characteristics. There is a chapter by Professor 
Gunnar Erdtman of Stockholm on pollen statistics, especially as applied to 
geologic research. Part II is a key and classification of pollen grains for 
purposes of identification. The numerous excellent illustrations are for the 
most part dravdngs by the authors. All physicians interested in the role 
of pollen grains in the causation of human disease owe Mr. Wodehouse a 
great debt of gratitude. j? 


Klinik und 'Therapie DER Allergischen Krankheiten. By Dr. Erich 
Urbach, Privatdozent fiir Dermatologie an der Universtat Wien 1 
As^stant der Universitatsklinik fiir Geschlechts- und Hautla-anklieiten 
m Wien (Vorstand Prof. Dr. WL Kerl). Pp. 781- 302 illustrations 
in colors) and 24 tables. 'Wien: 'Wilhelm Maudrich,’ 1935. Price, Rm. 30. 
The first part of the book is devoted to general and tlieoretical considera- 
tions of the subject, including a detailed discussion of types of hVner- and 
hjTOsensitmty, researches in experimental anaphylaxis, the pathogeneris 
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of allergy, allergens, antibodies, the factors predisposing to allergy, the 
tissue manifestations of allergj'-, technique of testing for allergy, preparation 
of allergens, principles of treatment of allerg 3 ^ These subjects are well 
covered and the existing literature is sldllfully evaluated. 

Part II deals mth the special manifestations of allergj", their diagnosis 
and treatment. Aller^ of the respiratorj" tract (asthma, hay fever, aOergic 
rhinitis) is handled a bit sketcliily, although adequatelj" from the standpoint 
of the general practitioner. Particularlj'- well done are the allergic condi- 
tions of the skin, a field in which the author, primarily a dermatologist, 
has made numerous and valuable contributions. There is appended a very 
useful table of concentrations of materials to be used in patch testing. 
Allergists and dermatologists alike 'will find this volume helpful and worth- 
while. R. K. 


Gl.^ndular PiiYsionoGV AND Therapv. a Sym])osium Prepared under 
the Auspices of the Council on Pharmacy and Chemistrj" of the American 
Medical Association. Pp. 528; 7 charts; S illustrations. Chicago: 
American Medical Association, 1935. Price, S2.50. 

This phj"sically well made book is the best work of its kind known to the 
Reviewer. There are 31 chapters by 26 authors, covering the points of 
major interest in modern endocrine phj'-siologj" and therapy. With the 
exceptions of Aschheim and Zondek, all contributors are American or Cana- 
dian authors who are recognized authorities on the subject about which 
they wite. Each chapter has a separate bibliographj". Tliere is an index. 
All of the articles have previously appeared in the Journal of the American 
Medical Association. F. D. 


Cardiac Output and Arterial Hypertension. By Sidney A. Glad- 
stone, M.D. Pp. 56; illustrated. New York: By the Author, 1935. 
Price, SI. 00. 

This 56-page monograph is little more than an elaboration of several 
papers published recentlj" Iiy the same author. The Grollman Cardiac 
Output IMethod has been reinvestigated, is criticized, and a modification 
developed. This new technique has been employed to estimate cardiac 
output in a few cases of hypertension. A long theoretical discussion of the 
causation of hj’-pertension follows. I. S., Jr. 


Die theoretischen Grundlagen und Moglichkeiten der Rontgen- 
DiAGNosTiscHEN Weichteiluntersuchung. (Forty-eiglitfi supplemen- 
tary volume of Fortschritte auf dem Gebiete der Rontgenstrahlen.) Bj" 
Dii. Adolf Zuppinger. Pp. 99; 46 illustrations. Leipzig: Georg 
Thieme, 1935. Price: Paper, Rm. 16; Bound, Rm. 18. 

This excellent monograph deals ivith phj'sical factors that radiologists 
liave empiricall}' come to regard as necessary for high qualitj" films. The 
siiliject matter, though technical and replete vdth formula) and physical 
measurements, is admirablj" presented. While the author does not outline 
the actual technique for the various Roentgen examinations, he does ana- 
lyze tlie importance of the various factors, such as wave length, time of 
exposure, secondaiy irradiation, gamma value of films, filtration, screen 
illumination and the part thej" play in obtaining e.xcellent roentgenograms. 
The l3ook contains numerous illustrations and charts which enhance its 
value. P. H. 
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Infant Nutrition. A Textbook of Infant Feeding for Studente and Prac- 
titioners of Medicine. By Williams McIaim Marriott, 

Professor of Pediatrics, Washington University fechool of ^^'Jfdicine, 
Physician in Chief, St. Louis Children’s Hospitel, St. Louis. kP- ’ 
27 illustrations. vSecond edition. St. Louis: , The C. V. Mosby Com- 
pany, 1935. Price, 84.50.. 

This new edition of Dr. Marriott’s book covers in an interesting and yet 
concise fashion the important aspects of the nutrition of children. A num- 
ber of changes have been made in this edition, some of which add to its 
value and some do not appeal to this Reviewer at all. Important advances 
in our knowledge of the vitamins necessitated complete revision of the 
appropriate chapter and this has' been w^ell done. A new chapter on the 
relation of allergy to the feeding of children has been added. IrWiile perhaps 
too abbreidated for the man specializing in Pediatrics, it presents adequate 
information for the cursorj'^ reader. Slight revisions throughout the rest 
of the book have been necessary due to recent progress. 

The Reviewer regrets that the publishers did not use the same paper and 
type as in the previous edition. Most of us read with artificial light and 
the paper and print of the first edition were land to eyesight even though 
some charts were not as clear cut. The author has combined in a greatly 
condensed form information concerning anhydremia, acidosis and allvalosis 
occasioned by diarrhea and vomiting in the appropriate chapters on these 
subjects. True, many of the charts of the old edition were more apiiropriate 
to a monograph but the bulk of the chemical infoimation offered a ver}'^ 
clear exposition of those subjects to the student or practitioner. The 
Reviewer regards the new edition as too abbreidated in these matters. The 
chapters on Rickets, Scurvy and Tetany, while very well written, could be 
condensed for these topics befit the textbook on Pediatrics better though 
thej'’ should be mentioned in a volume of this type. 

Marriott’s Infant Nutrition is still the leading small book on this subject 
for the student. ’E. T., Jr. 

Classical Contributions to Obstetrics and Gynecology. By Her- 
bert Thoms, M.D., Associate Professor of Obstetrics and Gynecology, 
Yale University. With a Foreword by Howard A. Kelly', Emeritus 
Professor of Gjmecology, Johns Hopkins University. Pp. 265; illustrated. 
Springfield, 111. : Charles C Thomas, 1935. Price, S4.00. 

Advances in the fields of Obstetrics and Gynecology have been slower 
than in the sister branches of Medicine and Surgery. Furthermore, obstet- 
ricians as a group are not especially knoivn for either their interest in research 
or for any outstanding interest in the history of their specialty. The present 
small volume on the history of Obstetrics and Gjmecology makes an excep- 
tion to the above statements. Thoms’ contribution is a welcome one to 
this field of obstetrical textliooks; _he_has VTitten a valuable book to those 
interested in obstetrics, and one vuthin the price range of all. 

For the first time, we have a small volume in which we can learn some- 
thing^ regarding the life and times of past masters in obstetrics; and more 
especially can read in the original the classical contributions of these authors. 
Some 60 extracts of two or three pages each are preceded each by a para- 
graph about the autlior, while the 7 chapters ha^^e appropriate forewords 
Everj” chapter is interesting. The anatysis of the material under appro- 
priate headings such as pregnane^’’, labor, obstetrical operations, puerperal 
infection, pelvic deformities, and so forth, is of great assistance to the reader 
and each contribution, frequently mth a picture of its author, has its fas- 
cination for the student of obstetrical history. 

The book is well composed: The type is large and clear; a useful biblio"-- 
raphy and index are appended. The ReYuewer’s only complaint is that the 

author has perhaps been too brief . j) 
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ANAToanr OF the Rat._ Bj’- Eunice Chace Greene. Vol. 27 of the Trans- 
actions of the American Philosophical Society, held at Philadelphia for 
Promoting Useful ICnowledge. Pp. 370; 338 illustrations, partly in color. 
Philadelphia : The American Philosophical Society, 1935. Price, 85.00. 
In mew of the extensive use of the albino rat for various laboratory pur- 
poses it is indeed surprismg that there has hitherto not been any book on 
his normal anatomy more detailed than Hunt’s Manual (1924) for students. 
The present work, somewhat comparable to the good human textbook of 
Anatomy, obmousty therefore supplies a needed want, both for advanced 
students of Comparative Anatomj’- and for investigators using the albino 
rat. After preliminary dissections, thorough dissections were made of each 
sj'-stem in at least 10 animals and drawings made by the author of the con- 
dition found in the majority. These numerous drawings add greatly to the 
value of the book. This w'ork in conjunction with the data contained in 
H. H. Donaldson’s “The Eat” (second edition, 1924) places Icnowiedge of 
the anatomy of this animal far beyond that of any other lower animal and 
in some respects of man himself. E. K. 


The Obstetric Pelvis. By Herbert Thoms, M.D., F.A.C.S.j Associate 
Professor of Obstetrics and Gynecologj^ The School of Medicine, Yale 
University. Pp. 115; 50 illustrations. Baltimore: The Williams & 
Wilkins Company, 1935. Price, 82.50. 

This monograph presents in a collective manner the essence of the 
author’s many published contributions to this subject, together with per- 
tinent comments on those of others. He discusses normal and variant 
pelves in both their anatomical and clinical relations in a_ clear and lucid 
manner. Of specific interest are his observations on pelvimetry: the fre- 
quent findings pf marked differences in the true or internal measurements 
as revealed by Iloentgen ray, in contrast to wiiat might have been expected 
from external pelvimetrj’' substantiates his feeling that every primigravida 
should have roentgen pelvimetry. His technique for pehdc mensuration 
as well as for fetal cephalometry is given in detail. In an excellent chapter 
on the early determination of disproportion are his idew's as to the various 
factors concerned, and the value of roentgen pehfimetrjL The funnel 
pehds, the doUchopellic pelvis and the recent classification of the abnormal 
pehds b}’’ Caldwell and Moloy are thoroughly considered. A valuable 
bibliograph}'- is appended. 

This work should be of value both to the obstetrician and to his co-worker 
the roentgenologist. _ P. W. 


Bibliography on Blood Transfusion, Volume I. (International Bibli- 
ography on the Problems of Blood Transfusion and the Theory of Blood 
Groups, 1900-1933.) By Dr. E. Koenig. Pp. 220. leningrad: Pro- 
fessor E. Hesse, 1935. Price, 12 p., 50 k. 

This publication consists of a list of 4423 articles on blood transfusion 
and blood groups w^hich have appeared in the world literature between 
1900 and 1933. The finding of an}’’ article in the list is facilitated by classi- 
fication into subtopics, a s3’’stem of cross-indexing and an author index. 
Tire preface and section titles are waitten in Russian, German, English, 
French and Italian. Titles of articles in Russian or languages other than 
German, English, French or Italian are duplicated in German. Such a 
work as this is clearly of great value to anyone investigating the literature 
on blood transfusion. L. L. 
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Great Doctors of the Nineteenth Century. By SiE Wiluam Hale-White, 
K.B.E. M.D., LL.D. (Hon.), F.R.C.P., Consulting Physician to Guy s 
Hospital. • Pp. 325. Baltimore: William Wood & Co., 1935. Price, 


American Martyrs to Science Through the Roentgen Rays. With a Short 
Glossary of the Scientific Terms used in the Text. By Percy Brown, 
M.D. F.A.C.P., F.A.C.R., Historian and Former President, Arnerican 
Roentgen Ray Society. Pp. 2/6; 55 illustrations. Springfield, 111.. 
Charles C Thomas, 1936. Price, $3.50. 

Pediatric Nursing. By John Zahorsky, A.B., M.D., F.A.C.P., Professor 
of Pediatrics and Director of the Department of Pediatrics, St. Lours 
University School of Medicine; Pediatrician-in-Chief to the St. Marj’’ s 
Group of Hospitals, etc., assisted liy Berjd E. Hamilton, R.N., Graduate 
of St. Luke's Hospital, St. Louis. Pp. 568; 144 illustrations and 7 color 
plates. St. Louis; The C. V. Mosby Company, 1936. Price, $3.00. 

Cardiac Output and Arterial Hypertension. By Sidney A. Gladstone, 
M.D. Pp. 56; illustrated. New A'ork; By the Author, 1935. Price, 
$1.00. (Review p. 856.). 

The Chemistnj of Natural Prodiicls Related to Phenanthrene. By L. F.. 
PIeser, Associate Professor of Chemistry, Plarvard University. Pp. 
358. New T'ork: Reinhold Publishing Companj% 1936. Price, $6.50. 

Tuberculosis. (VoUlb oi Cho Medica Series). By Gerald B. Webb, 
Former President, National Tuberculosis Association; Lecturer on 
Medical History, University of Colorado; President, Colorado Founda- 
tion for Research in Tuberculosis. Pp. 205; 17 illustrations. New 
York: Paul B. Hoeber, Inc., 1936. Price, $2.00. 

How to Feed Children in Nursery Schools. By Mary E. Sweeny and Doro- 
thy Curts Buck, Physical Growth Staff, The MerrM-Palmer School. 
Pp. 84; illustrated. Detroit; The Merrill-Palmer School, 1936. Price, 
Gratis. 


Die Werke des Hippokrates. Herausgegeben von Dr. Med. Richard 
Kapferer unter Mitwirkung von Prof. Dr. Georg Stricker, Wiirburg. 
Book 7 (Price, Rra. 7.50; Pp. 85): Die Natur (Konstitution) des Men- 
schen; Die Nahrung; Die Safte (The Nature (Constitution) of Man; 
Tip Nutriments; the Humors). Book 10 (Price, Rm. ,5.25; Pp. 75): 
Die Krisen; Die Kritischen Tage; Prognostikon (The Crises; The Critical 
Days; Prognostics). Stuttgart: Hippokrates Verlag G.M.B.H., 1934 
and 1936, respectively. (To be published in 25 parts costing c«. Rm. 100, 
card binding.) 

Time of Ovulation in Women. A Study of the Fertile Period in the Menstrual 
Cycle. Bj)- C.arl G. Hartjian, Department of Embrjmlogj’-, Carnegie 
Institution of Washington, Johns Hopkins Medical School, Baltimore, 
etc. Pp. 226; 72 illustrations. Baltimore; The Williams & WiUdns 
Company, 1936. Price, $3.00. 


Cmicer Commission Committee Studies. The California Medical Associa- 
tion. (The results of a five-year correlated study by one hundred and 
fifty members of the medical profession). Pp. 123. San Francisco: 
J. W. Stacey, Inc., 1936. Price, 75c. 

Medical Papers. Dedicated to Henry Asimry Christian. Physician and 
Teacher. From his Present and Past Associates and House Officers at 
the Peter Bent Brigham Hospital, Boston, Massachusetts. In Honor 
of his SixLeth Birthday, Fcbruarj' 17, 1936. Edited by Robert F. 
hloNROE, Peter Bent Brigham Ho.spit.al. Pp. 1000; illustrated. Balti- 
more, The Y'averly Press, 1936. (No price given.) 
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NEW EDITIONS 


Medical History of Contraception. Bj"- Norman E. Himes, Ph.D. Medical 
Foreword by Egbert Latou Dickinson, M.D., F.A.C.S. Pp. 521; 
30 illiistrations and 29 tables. Baltimore: The Williams & Wilkins 
Company, 1936. Price, S7.00. 

Protoplasm. B}”- William Seifriz, Ph.D. (Johns Hopldns Universit}'-), 
Professor of Botany, University of Pennsylvania, Philadelphia. Pp. 584; 
179 illustrations. New York: McGraw-Hill Book Company, Inc., 
1936. , Price, S6.00. 

Photoimmunization and Pliotovaccinalion. B}-^ S. Peskind, B.S., M.D., 
Cleveland, Ohio. Pp. 13. Cleveland: The S. P. Mount Printing 
Company, 1936. (No price given.) 

The Surgical Clinics of A^orth America, Volume 16, No. 1 {Chicago Number, 
February, 19S6). Pp. 356; 78 illustrations. Philadelphia: W. B. 
Saunders Compan}', 1936. Price, Paper, $12; Cloth, $16 (per clinic 5 "ear 
Februaiy-December, 1936). 

Parenteral Therapy. A Ready Reference Manual of Extra-oral hledication 
for Phj'^sicians, Dentists, Pharmacists, Chemists, Biologists, Nurses, 
Medical Students and Veterinarians. By AValton Forest Dutton, 
M.D., Former^ Medical Director, Pol 3 '’clinic and Medico-Chirurgical 
Hospitals, Graduate School of Medicine, University of Pennsjdvania, 
etc., and George Burt Lake, M.D., Former^ Special Lecturer in 
Hygiene, Purdue Universitji-, etc. Pp. 376; 90 illustrations: Spring- 
field, 111. : Charles C Thomas, 1936. Price, $7.50. 

NEAA^ EDITIONS. 

Basal Metabolism in Health and Disease. By Eugene F. Du Bois, M.D., 
Medical Director, Russell Sage Institute of Pathologj'-; Professor of 
Medicine, Cornell Universit 3 '- Medical College, New York; Ph 3 ’’sician-in- 
Chief to the New York Hospital. Pp. 494; 99 illustrations, 67 tables. 
Third edition, thoroughly revised. Philadelphia: Lea & Febiger, 1936.' 
Price, $5.00. 

A Guide to Hitman Parasitology. For Medical Practitioners. By D. B. 
Blacklock, M.D. (Edin.), D.P.H. (Lqnb.); D.T.M. (Liver.), Pro- 
fessor of Tropical H 3 ^giene, Liverpool School of Tropical Medicine, The 
Universit 3 '- of Liverpool, and fonnerl 3 ^ Professor of Parasitolog 3 ’'; Director 
of the Sir Alfred Lewis Jones Laboratory, Freetown, Sierra Leone, V’'est 
Africa, and T. Southavell, D.Sc., Ph.D., A.R.C. Sc., F.Z.S., F.R.S.E., 
AValter M 3 '’ers Lecturer in Parasitolbgy, School of Tropical Medicine, 
The University, Liverpool, etc. Pp. 259; 122 illustrations, 2 colored 
plates. Second edition. Baltimore: AVilliam Y^'ood & Co., 1935. 
Price, .$4.00. 

Lectures on Diseases of Children. By Robert Hutchison, M.D., LL.D., 
F.R.C.P., Consulting Ph 3 'sician to the London Hospital and to the Hos- 
ihtal for Sick Children, Great Ormond Street. Pp. 452; 106 illustrations. 
SeA’enth edition. Baltimore: Yfilliam Y^ood & Co., 1936. Price, 
$6.75. 

Roentgenographic Technique. A Manual for Pl^sicians, Students and 
Technicians. By Daemon Artellb Rhinehart, A.M., M.D., F.A.C.R., 
Professor of Roentgenology and Applied Anatomy, School of Medicine, 
University of Arkansas; Roentgenologist to St. Ahneent’s Infirmary. 
Baptist State, Missouri Pacific, and the Arkansas Children’s Hospitals, 
Little Rock, Arkansas. Pp. 431; 183 illustrations. Second edition, 
thoroughl 3 r revised. Philadelphia: Lea & Febiger, 1936. Price, $5.50. 
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THE POST-TRAUMATIC PERSONALITY DISORDERS. 

The great interest manifested during tbe past few years in the 
problems of mental disorders following head trauma continues unabated 
among psychiatrists and neurologists here and abroad. From both a 
scientific and a medico-legal standpoint these problems are assuming 
an ever increasing importance. Johnson' has briefly reviewed the con- 
tributions in this field up to 1934 in this journal. The present review 
will be confined to a consideration of the post-traumatic psychoneu- 
roses and their organic counterpart, the so-called traumatic constitu- 
tion or traumatic encephalopathy, disregarding the acute traumatic 
psychoses, post^traumatic mental deterioration, traumatic epilepsy, 
and the traumatic precipitation and aggravation of other psychiatric 
and neurologic disorders. These subjects, as well as the one under 
consideration here, have been discussed fully in a recent piiblicatjon 
of Ebaugh and Benjamin.^ 

The differentiation of traumatic encephalopathy from functional 
disorders following trauma has not only therapeutic but also medico- 
legal significance, since many courts refuse or grant only reduced com- 
pensation to cases of post-traumatic psychoneurosis. The differential 
diagnosis can he extremely difficult, requiring minute neurologic and 
psychiatric examinations (Strauss and Savitsky* reviewed by Johnson).’ 
The problem is further complicated by the frequent simultaneous 
occurrence of organic and functional post-traumatic manifestations in 
patient. It is therefore not surprising that considerable 
niuercnce of opinion and perhaps some confusion still exist concerning 
thc.se conditions. Several publications of the past year have con- 
Inhuted toward a clearer understanding of the issues invoh'ed. 
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Weclisler^ presents a series of 100 cases of wliicli 27 gave obvious 
objective evidence of brain injury, whereas the remaining 73 presented 
no gross signs of organic involvement but complained of subjective 
disturbances such as headache, dizziness, impairment of memory, fears, 
anxieties, vasomotor disturbances, tremors, impairment of vision. 
He places these post-traumatic syndromes in the following 4 classes: 
(1) Malingering, in which there is a conscious and purposeful feigning 
of illness in order to avoid responsibility or to derive gain (unalloj'’ed 
malingering is extremelj" rare, lieing found only once in the author’s 
series); malingering with h3'steria was present in 2 cases; (2) post- 
traumatic h.ysteria, the most common post-traumatic sequela that is 
unaccompanied ’b^’’ gross organic involvement. Wechsler diagnosed 
this condition outright in 37 of his cases, in addition found hj^steria 
with traumatic encephalopathj'^ 17 times, and hj’steria combined with 
malingering twice. He emphasizes that the diagnosis should be based 
on both negative and positi^'e criteria, including under the former a 
histor}’’ of either no or \"eiy brief unconsciousness, no clinical signs of 
brain injurj--, no evidence of fracture, and a negative encephalogram; 
and under the latter positive evidence of a true hj^sterical reaction 
precipitated bj"^ trauma in an individual with an underl.ying neurotic 
personalitj'. The trauma sets in motion the same mental mechanisms 
as in anj' other hj'^steria and serves as a convenient solution of industrial, 
social, marital, familial or ps}’’chosexual conflicts; (3) concussion or* 
traumatic encephalopathjq found in 11 cases alone, and in 17 cases 
in combination with hj’steria. In eveiy case there was a historj' of 
more or less prolonged unconsciousness; minute neurologic signs were 
found in onlj’’ a few. Typical for these causes are the histoiy of uncon- 
sciousness, the absence of ps.ychogenic causal factors, the persistence 
and severity of the symptoms, and positive encephalographic findings. 
The author quotes Martland,* Foerster and Penfield,® Bielschowskjq’^ 
Hand and Courville* and Friedman® as having contributed greatly’’ to 
the knowledge of the anatomic changes underlying this condition, such 
as minute hemorrhages, glial changes, cell and fiber degeneration, dis- 
turbed cerebrospinal djmamics, ventricular distortion, and brain 
atrophjq (4) traumatic neurosis, diagnosed in 5 cases. Wechsler calls 
attention to the fact that this term is frequently" used symonjunously" 
with traumatic hy^steria, but believes that one is here dealing with 
two distinct entities. Clinically this condition differs little from hy"s- 
tcria, I)ut it is apparently not dependent on the unconscious use of the 
a’ < ident to solve difficulties that have nothing to do with the trauma. 
t ' is not dealing with a patient who has a neurotic personality to 
dr- in with, but rather with a previously' well adjusted individual who, 
lollowing a serious threat to life, without serious head injury', develops 
-ymptoms which are not amenable to suggestion or other forms of 
psychotherapy'. There are no demonstrable cerebral changes, hysterical 
mechanisms cannot be elicited, and compensation does not play' a 
predominant role. 

Ebaugh and Benjamin® point out that the contributors to this field 
\ iuy greatly' in their use of terms, evaluation of sy'inptoms, and esti- 
mation of the frequency' and medico-legal disposition of the various 
conditions to be difterentiated. After mentioning the contributions 
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of Brun,!® ICardiner,” Kennedyd^ Hall and Mackay, IMonakoY, 
Naegeli Eiesed^ Ritter,’^ Rosenstemd® Schaller and Somers, Sper- 
\mJ^ Strauss and Savitsky ,== and Wechsler,'' they suggest the following 
classification of the post-traumatic minor personality disorders, which 
in many respects coincidents with that of Wechsler: ^ i o- i 

I. Traumatic encephalopathy (traumatic constitution): _A, Simple 
type, with subjective complaints of headache, vertigo, irritability, 
fatigue, impairment of memory; B, with secondary psychogenic symp- 
toms; C, with malingering. _ . , ; 

Post-tvaumatic functional disordei's; A, Post-trauniatic hystena 
(rarely other psychoneuroses) : a true hysteria precipitated by ti auma 
in an individual with an underlying neurotic personality; may be 
accompanied by malingering; B, compensation neurosis; a hysteria in 
which the wish for compensation plays a leading role in the unconscious 
production of symptoms; may be accompanied by malingering; C, 
traumatic neurosis or terror neurosis; a neurosis, usually hysteriform 
with pronounced anxiety features, in which the psychogenic mechan- 
isms differ from those in ordinary hysteria. 


III. Malingering. 

In their discussion of traumatic encephalopathy the authors empha- 
size that no physician is justified today in denying the existence of 
organic factors in post-traumatic cases on the basis of a cursory neuro- 
logic examination and the impression that the patient is a “neurotic.” 
Kennedy’s'^ anamnesic and clinical criteria are presented (Johnson^); 
they are held to be of great value in giving a general orientation as to 
the probabilities in any case, but not to be conclusive evidence. The 
authors, in common with Strauss and Savitsky,*“ stress the importance 
of a minute neurologic examination; minimal signs Avill be found in a 
great many although by no means all cases. Slight differences in 
reflexes on the right and left side, diminished vibratory sensation in 
both loAver extremities, diminished corneal reflexes, and difficulty in 
lateral conjugate gaze are mentioned as but a few of the many findings 
reported. The authors’ own experience confirms the opinion of Foer- 
ster,^^ Foerster and Penfield,® Friedman,® and many others that enceph- 
alography is a highly valuable adjunct to clinical investigation in this 
field. They emphasize further the great importance of a detailed formal 
psychiatric examination, particularly of the sensorium. Special tests 
for apperception, retention and recall, memory, and organic fatigability 
are recommended. The Rorschach test is mentioned as being of great 
value in cases where the differential diagnosis between encephalopathj' 
and the functional sjmdromes is particularly difficult, and reference is 
made to the work of Oberholzer“ in this respect. 

In their consideration of the functional post-traumatic disorders 
and malingering, the authors agree fully Avith Wechsler’s-* definition 
and delirnitation of the latter term, and share his opinion that unalloyed 
malingering is rare. In discussing the psychoneurotic reactions, they 
point out that AA’hereas a jmori it might be expected that any type of 
neurosis could be precipitated by head injury, empirically almost all 
of these cases are hysterias, Avith or Avithout anxiety, and^ regard this 
as due to the .specific -predisposition of the hystericaf personality to use 
all possible situations as a means of escape into illness, as Avell as to the 
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abnormal suggestibility of the hysterical personality. They further- 
more agree with Wechsler that the diagnosis should not be made merely 
through the exclusion of organic signs, but requires positive evidence 
of hysterical mechanisms. Thej’ base their differentiation of compen- 
sation neurosis from other post-traumatic hysterias not on the grounds 
of true etiology, which in both cases lies in conflicts which have no 
relation to the trauma, but rather on the practical grounds that in 
some patients the compensation motive plays a leading role in the 
production and persistence of symptoms, and that in these cases a 
lump sum settlement is the best and usually the only therapy. In 
opposition to Naegeli and others, thej’- do not feel that the compensation 
neuroses constitute the majority or even a large percentage of post- 
traumatic functional disorders. In common with Strauss and Savitsky^*' 
and Wechsler they reserve the term traumatic neurosis for a specific 
and infrequent sjmdrom'e first described b}’- Horn-^ under the name of 
Schrrcknciirosc, and subsequently discussed by Bernhard,-^ Libinan,-"’ 
and Sperling.^'’ It is tjqiical that it occurs only following a serious 
threat to life in such a situation that the patient has time to be aware 
of and terrorized by the impending disaster; accordingly it is frequent 
in war and earthquakes, and is seen occasionallj’^ in mining catastrophes 
and sea disasters, but almost never in the ordinary industrial and auto- 
mobile accidents. Clinically the symptoms are usually those of an 
anxiety state, with particularly characteristic dreams in which the 
patient relives the traumatic situation. Unless complicated by secon- 
dary hysterical symptoms the condition tends to clear up spontaneously. 
The psychopathologic mechanisms differ from those in true hysteria, 
but are not fully understood as yet (Kurdiner^' and FenicheP®). 

In a recent article Sands*^ classifies these sjmdroraes in an analogous 
manner, namely as post-traumatic constitution, traumatic neurosis, 
traumatic hysteria, and malingering, but uses the term traumatic 
neurosis to appl^y to individuals ivho have recovered from a brain injury, 
frequently of the cerebral concussion type, and who do not show any 
neurologic or encephalographic signs, and yet show definite personality 
changes in the form of irritability, brooding, dizziness, and so forth. 
He reserves the term post-traumatic constitution for cases showing 
definite neurologic or encephalographic changes. In the same article 
this author presents an excellent study of brain changes due to head 
trauma. He finds that the post-traumatic sequelre are due to loss of 
brain tissue, meningo-cortical adliesions, cicatricial contraction, col- 
lections of fluid in the meninges and interference with proper cerebro- 
sinnal fluid and lymphatic circulation. He advances evidence that 
significant brain injuries may occur without loss of consciousness. 

Blau-® has recently presented an exhaustive survey of post-traumatic 
behavior disorders in children. The author finds, in agreement with 
Strecker and EbauglP® and ICasanin,^® a marked similarity between 
these conditions and the postencephalitic behavior disorders. Typical 
are overactivity, restlessness, destructiveness, impulsiveness, assault- 
iveness, cruelty to animals, emotional instability, temper tantrums, 
truancy and delinquency. The prognosis in most cases was poor. The 
formal intellectual faculties were relatively well retained. 
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The therapy of the conditions under consideration requires little 
special mention. All contributors are agreed that the majority of post- 
traumatic psychoneuroses should be treated by exactly the same 
methods as in the usual non-traumatic cases. Compensation neuroses 
are always benefited by a lump sum settlement. The traumatic or 
terror neuroses tend to clear up spontaneousbL The treatment of 
traumatic encephalopathy must be primarily palliative, Penfield®^ has 
relieved post-traumatic headaches through encephalography. 

The possibilities of the prevention of post-traumatic psychoneuroses 
has aroused interest in recent years. Dershimer®^ comments on the 
work at the Fisher Body Company at Cleveland, where practically no 
psychoneurotic states have developed following the employment of a 
psychiatrist. The principal method of prevention is through the dis- 
semination of knowledge concerning the causes of the psychoneuroses 
to employers and employees. Franklin G. Ebatjgh, M.D. 
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PROGRESS IN RHINOLOGIC ASPECTS OF ALLERGIC DISEASE 
WITH ESPECIAL REFERENCE TO IONIZATION. 

There has been a continuous and increasing appreciation of the 
role of allergy in the production and maintenance of otolai\^Tigologic 
disease. This is reflected not only in the literature of the specialty 
but also in the diminishing attack upon the interior of the nose and 
paranasal sinuses. The incidence of allergy in otolar^rngologic practice 
is higher than what is usually believed. Baum' reviewed a series of 
2000 patients and found some 700 with nasal difficulty, 191 (27%) of 
which were allergic. Thus practically 1 out of every 4 patients in the 
otolaryngologists’ office that has chronic nasal difficulty is allergic. 
Furthermore, if one considers the ratio of these allergic cases to the 
total number of patients studied (2000) one finds that 9.5% of all 
patients with a chronic complaint that seek aid of the otolarjmgologist, 
or about 1 in every 10, are definitely allergic. A similar review of 1000 
cases by. Hansel" disclosed 142 cases of allergic disease in 324 patients 
with nasal disorder. Here about 40% or 2 in every 5 cases of nasal 
disease, are allergic and about 14% or 1 in every 7 patients routinely 
seen in practice, exhibits allergic phenomena. Undoubtedly if one 
considered acute illnesses, the percentages would be definitely reduced, 
but still of major importance. Kuhn, in a discussion of Vaughn’s* 
paper, reported similar figures. It is obvious that the high incidence 
of allergic disease in routine otolaryngologic practice should be borne 
in mind, and this disorder must be considered whenever confronted by 
nasal symptomatology. 

There have appeared a fair number of contributions^"® dealing with 
The general subject of nasal allergy and having as their main theme the 
l're<|uei!cy that allergy is encountered; the importance of considering 
it as a possibility in the differential diagnosis of nasal disease; the 
marked aid in diagnosis that is affoi-ded by cytologic examination of 
the secretion; and the importance of proper diagnosis of the etiologic 
allergic factor. Many, further, dwell upon the futility of intranasal 
surgery except as a means of promoting drainage in secondary suppura- 
tion or relieving nasal obstruction. Watkins* especially calls attention 
to the fact that even multiple surgical operations frequently fail to 
give relief in allergic individuals except when infection with retention 
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is present as a complicating factor, and points to the frequent disappear- 
ance of polypi after proper allergic therapy. 

As an aid in differentiating infectious from allergic nasal and para- 
nasal sinus disease, the work of Buhrmester'“ must receive consideia- 
tion. He found tliat in allergic disease the nasal secretions had a Ingliei 
water content, averaging about 97% as compared to 90% found in infec- 
tious disease. As a consequence the total solids were 3% in allergic 
disease and 10% in infectious disease. There is present about three 
times as much total solids in infectious exudate as there is in allergic 
secretion. The protein content varied from 0.21% to 3.82% in allergic 
secretions as compared to the 3.45% to 16.23% found in infectious 
exudates. Similar figures have been reported liy Mittermaier.^i The 
ash in the total solids was much higher in the allergic secretions than 
in infectious exudate. The calcium was higher in infectious disease 
as compared to allergic disease averaging 11% and 9% respectively. 
The allergic secretions were found to have a higher pH or become 
more alkalin than the infectious exudates. 

As an aid to the diagnosis of allergic disease, an intramucosal test 
similar to intradermal tests was described by Dean, Linton and Linton.^- 
Appropriate extracts were either injected or applied to scratches made 
in the mucous membrane of the anterior end of the inferior turbinal. 


A positive reaction consisting of swelling, edema or even a wheal, would 
appear within 30 minutes, although a delayed reaction was also noted. 
In some instances, a positive intranasal mucosal reaction was obtained 
when the dermal test was negative. 

Non-specific methods of treating nasal allergy continue to receive 
attention. Palmer'^ describes the effect of treating the nasal mucosa 
with phenol in 30 cases of nasal allergy and noted definite improvement 
in 80 %. Histologic study of the mucosa after treatment disclosed 
an increase in the fibrosis with a decrease in the vascularity and edema 
of the tissue. Bernheimer'"* reported on the final results in 40 patients 
treated 3 years prior by Cutler and himself by the use of radium placed 
Avithin the nose. He found 47 % symptom-free, 22 % had some sneezing, 
but no obstruction or rhinorrhea, S% moderately comfortable, and 23% 
with little or no relief. There Avas no success in similar treatment of 


12 patients afflicted vuth seasonal hay fever. By far the most import- 
ant contribution to the literature dealt Avith the subject of ionization 
in the treatment of allergic disease. There AA’^ere many contributions 
on the subject, dealing not only Avith the technique, but also Avith 
the histologic effects upon the nasal mucosa. Intranasal ionization, 
more pi-opei-ly called iontophoresis, has been brought to the attention 
of rhinologists and allergists as a AvortliAvhile means of therapy in 
those cases in Avhich specific immunization is difficult to effect or 
undesirable. Iontophoresis consists in the introduction of medical 
ions into the tissue by means of the galvanic current. It is nothing 
neAv having been utilized _ oA'er 30 years ago. Drugs or chemicals 
are forced into tissue by Aortue of the fact that an aqueous solution 
ol the drug or chemical contains a number of positiA-ely and nega- 
tively^charged ions arising from the dissociation of the substance AAdien 
placed into solution. If a constant direct or galvanic current is per- 
mitted to floAv through the solution, the attraction of unlike charges 
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will cause the positively charged ions to move and collect at the nega- 
ti\'e pole and the negativelj'- charged ions to move and collect at the 
positive pole. For example, a solution of sodium chlorid will have 
freely disassociated positive sodium ions and negatively charged chlorid 
ions. Upon being subjected to the galvanic current the sodium ions 
being positively charged Avill collect at the negative pole and the 
chlorid ions at the positive. By taking advantage of the migration of 
ions, heavy metals such as zinc, tin and cadmium have been utilized in 
therapeusis. Wiether or not heavy metals are actually deposited in 
the tissues is still open to question. Lierle and Sage,’’’’ in a study of 
zinc ionization in the treatment of otorrhea, were unable to demon- 
strate that the zinc was actually deposited in the tissues of laboratory 
animals used in their experiment. Wenner,'® on the other hand, was 
unable to demonstrate bj^ means of chemical methods that zinc was 
deposited in the skin and cartilage of the ear of a rabbit. The source 
of the current utilized in the procedure may be batteries, which give a 
pure constant current. hlcFarland^' described an inexpensive set that 
might be built. The source maj'- also be from a rectifying circuit 
utilizing commercial current or it might be derived from various types 
of motor generator sets. In the use of motor generator and rectifying 
equipment it is essential that a smooth non-pulsating current be 
obtained. Warwick, who originallj'- aroused interest in this method 
of treatment in this country, advised that his special type of generator, 
together with a special electrode and a special electrolyte, were neces- 
sary for success. The composition of the electrode and the electrolyte 
were kept secret for a time. However, the informed opinion today holds 
that the special generator electrode and electrolyte are not essential 
to success. Any source of smooth galvanic current, ordinary zinc 
solution, and an ordinary zinc electrode will be effective.^®’ 

Technique. The technique as ordinarily employed consists in pre- 
liminary cocainization of the nasal mucosa. Gauze strips satm-ated in 
a 2% solution of zinc sulphate are packed into the nasal chambers. 
By means of a zinc electrode the gauze is connected to the positive 
terminal of a galvanic supply. The negative terminal is connected to 
a large sponge electrode placed over the arm or other suitable portion 
of the body. The current is slowly turned on and increased until the 
milliameter reads 10. This amount of current is permitted to act for 
15 minutes and the current is then gradually decreased and shut off. 
HollendeU® has described a new head band type of electrode that is 
easy of application and adjustment. Cottle®^ ad\'ises the use of a 
zinc sulphate in 5% tragacanth jelly introduced into the nasal 
cavities by means of a syringe instead of packing with gauze strips. 
There is some objection to the use of the jelly in that it spreads to the 
upper portions of the nose so as to affect the Schneiderian membrane 
with the possibility of a resulting anosmia, which has occurred. At 
termination of the treatment the mucous membrane will be found 
to ha\ e been coated with a gray membrane. On the following days the 
nose is obstructed with a fibrinous jelly-like exudate which persists 
from 3 days to 1 week. The membrane should be permitted to be 
extruded spontaneously. 
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Tissue Changes in Iontophoresis. There is an increasing amount of 
study upon the effect of iontophoresis upon the treated tissue, there, 
however, is as yet no certain agreement ^ to the amount and per- 
manence of tissue change subjected to ionization. Hollender and 
Gorin“ find that there is an initial destructipn of the surface epithelium 
ivitli subsequent regeneration. The regenerated mucosa appears first 
as a squamous epithelium and then gradually assumes a pseudo-strati- 
fied structure within a period of 3 months. The cilia, however, remain 
absent while the subepithelial stroma tends to become more dense and 
infiltrated with lymphocytes that may persist for a much longer period 
of time. In but one section were they able to observe changes in the 
mucous glands. McMahotf^ stated that in the frontal sinuses' and nose 
of dogs subjected to experimental ionization there appeared immedi- 
ately after the treatment fragmentation of individual and large groups 
of cells and an infiltration of round cells from the sm’face down into 
the subepithelial structures. There was also apparent some separation 
of the tissue from the underlying periosteum in places. There was a 
return, however, within a period of 7 weeks of the epithelium to normal. 
Fibrosis of the subepithelial tissues became more noticeable as the 
animals were killed in increasing intervals from IS horns to 7 weeks 
folloMung the iontophoresis. In a report^® made by the same investi- 
gator in a previous year there was found extensive immediate effects 
that were definitely destructive, in the nature of ballooning, fragmen- 
tation and loss of the smdace epithelium associated with edema and 
partial disintegration of the subepithelial tissues as well as hemorrhagic 
extravasation from dilated and ruptured capillaries. In an extensive 
study of the regeneration of the nasal mucosa subjected to various 
insults, Boling-® found that ionization destroyed the epithelium and 
produced leukocytosis and hyperemia; but had no noticeable effect 
upon the regeneration of the mucosa. The epithelium and glandular 
ducts regenerated from the basal cells and epithelial fragments left 
after the treatment. He also found that repeated ionization had no 
noticeable destructive effect upon the epithelium Avhich regenerated 
from a previous ionization. 


Smit,-^ in a similar study, found that immediately after ionization there 
occurred an acute inflammatory process with coagulation necrosis, 
sloughing of the epithelium, dilatation of the bloodvessels and neutro- 
phil infiltration. These changes form an exudate membrane in the 
nose which also contains the sloughed epithelium. As the acute process 
subsides, the neutrophils are replaced by round cells which persist as 
ong as there is any irritative process present. The denuded mucosa 
later becomes covered by stratified squamous epithelium. A return of 
normal ciliated epithelium was found to occur in guinea pigs 6 weeks 
following ionization and in one human biopsy 1 5^ear after treatment, 
ilie bloodvessel walls show thickening while the glands and their ducts 
may e\’idence atrophy and metaplasia. As the reparative process 
contmues, the submucosa becomes infiltrated with fibroblasts wdiich 
are later converted to fibrous tissue. The contraction of the fibrous 
msue may cause collapse of tlie venous spaces and retraction of the 

ingrowth of epithelium, 
gmous necrosis may also occur. From these studies it is obvious 
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that extensive destruction of tissue is possible by this means of treat- 
ment. It is also apparent that there is tremendous regenerative power 
inherent in the nasal mucosa. The mucosal epithelium apparently has 
a tendency to return to normal, but the subepithelial fibrosis apparently 
persists for a long period of time and in addition there may be more or 
less atrophic changes in the glands. 

From the clinical point of view the persistence of a fibrotic condition 
of the mucosa may not be without deleterious effects upon the patient. 
A contractile fibrous tissue change might well lead to ultimate decrease 
of blood supply and glandular atrophy. In addition late effects upon 
the nerves maj' eventuate in such unpleasant sequelaj as neuritis and 
anosmia, which have been observed in some instances. In all prob- 
ability the intensity and extent of these tissue changes will be found to 
vary with the strengtli of the treatment that is administered. The 
problem is so to select the quality of the treatment as to effect the 
desired clinical relief without producing the progressive and irreversible 
histologic changes that might lead to disagreeable sequehe. 

The mechanism whereby relief is obtained following ionization has 
been the object of considerable speculation. Alexander-® believes that 
a local non-specific desensitization occurs similar to that obtained by 
the use of various chemicals, diathermy, and electric cautery. The 
nasal mucosa has been found to be non-reacting for a period of time. 
However, the non-infrequent relief obtained by only treating one side 
might suggest a general non-specific flesensitization such as is observed 
by the use of proteins or vaccines. That this' may be a possibility is 
demonstrated by Chatjutin,^® who rvas able to relieve nasal allergj’^ by 
calcium ionization applied to the skin of the shoulder. Dean and his 
co-workers'® noted many instances of positi\'e reaction in the nasal 
mucosa to negati\'e after ionization. Operative procedures within 
the nose had no effect in changing the reactivity of the nasal mucosa. 
Alexander®® found that after ionization the topical application of a 
reagin caused little or no effect, in marked contrast to the effect pi-ior 
to the treatment. Those patients in whom poor or no results were 
obtained by the therapy reacted within a short time to testing with 
reagins. However, the iontophoresis had no effect upon the presence 
of reagins in the blood nor upon the skin reactions. 

The results in this tjqoe of therapy are varied. Warwick'® reported 
practically 100% benefit in 40 cases, most of which were hay fever. 
Alden, in 1933,®® relieved all of 19 patients suffering from autumnal 
fever by treating them during the attack. Ninq had no recurrence 
during the following season, S had mild symptoms that were insufficient 
to cause them to seek aid and 2 had a marked recurrence. He also 
treated 41 patients in 1934 prior to the onset of the symptoms with 
protection to about half. Franklin®' was able to render 50% of his 
hay fever patients and 60% of his hyperesthetic rhinitis cases free 
from symptoms by means of iontophoresis. Hollender®® secured similar 
relief in al)out 50% of his cases. Hurd®® states that in cases of hay 
fe\’er his percentage of good results have been high and that 70% of 
his cases of hyperesthetic rhinitis have been rendered symptom-free. 
He, however, gives no table of statistics beyond the statement noted. 
Ramirez®® was unable to obtain any noteworthy relief in 100 cases of 
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' hay fever treated by ionization. On the other hand, 25 cases of vaso- 
motor rhinitis experienced relief in the majority of cases. House and 
Gaj^^ studied this form of treatment in 20 cases. In 5 non-allergic 
patients 3 were improved, 1 unimproved and 1 made worse. In 15 
allergic patients but 3 were improved, 7 were unimproved and 5 w'pe 
worse. They concluded that ionization was not worthy of consideration 
in allergic cases. Alden^^ compiled the results of a number of observers. 
A total of 700 cases was tabulated. In 416 cases of uncomplicated 
haj^ fever, complete relief was obtained in 63% and total failure. in but 
S%. In a group of 27 patients with asthma, 37% were relieved. In 
73 patients with allergic rhinitis complete relief was afforded in 47%. 
Tobej^® stated that desensitization Avas the method of choice although 
ionization can control the S 3 '^mptoms if instituted after the onset of 
the attack. It is apparent that ionization is a useful addition to the 
therapeutic armamentarium. It is also apparent that its exact sphere 
of utilit}'’ has not as yet been definitely determined. 

Our OAvn experience in the last 2 j’-ears has definitelj’- impressed us 
with the symptomatic relief that may be obtained in about 75% of 
the cases of hyperesthetic rhinitis that have come under our observa- 
tion. One may not speak of ionization as a cure for this disorder; but 
the prolonged palliation that maj’- be obtained certainly bespeaks its 
usefulness. In hay fever our experience has not been so striking. 
In but few of our cases, treated prior to the onset of the symptoms, 
Avere definitely discernible results obtained. Some better results AA'^ere 
manifested in its utilization after symptoms had appeared. Here a 
few patients AA^ere rendered symptom-free; a larger number shoAved 
definite amelioration, Avhile the greatest majority experienced little or 
no relief. Ionization must at the present time be vieAA^ed as a A’^aluable 
adjunct to other accepted methods of treating hyperesthetic rhinitis 
and to a lesser degree hay feA^er. 

Joseph C. Beck, M.D., 

M. Reese Guttman, M.D. 
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Studies of the Pituitary of Thyroidectomized Rats.— Isolde T. 
Zeckwee (Laboratory of Pathology, Universit}’- of Pennsylvania). 
^^^len thyroidectomy is performed in young immature rats, histologic 
changes occm’ in the pituitaiy which have been discussed elsewhere. 
“ TlDToidectomy cells” occur which consist of cells containing a large 
amount of hyalin material. Acidophils are decreased in number. 
Cretin rat pituitaries contain an abundance of thjTotropic hormone, 
but when injected into guined-pigs do not cause as great an increase 
in absolute weight of the guinea-pig thju'oid as do normal rat pituitaries. 
However, the dwarfed cretin rat has available for each gram of its body 
weight a little more hormone than the normal rat. 

The “ thyroidectomy cells ” are not castration cells, because the cell 
gi'anules are different, and because they occur in abundance in pitui- 
taries of male rats in which gonad atrophy has not occurred. 

Collin and Hennequin {Compt. rend. Soc. de hiol., 121, 81, 1936) 
have reported that stimulation of the cervical sympathetic nerve in 
rabbits causes an increase in the acidophil granules in the pituitary, 
while excision of the superior cervical ganglion causes rapid and nearly 
complete loss of acidophil granules. Until experiments have been 
completed to determine whether injmy to sympathetics could be a 
factor in our experiments, interpretation that the decrease in acidophils 
in cretin rats’ pituitaries may account for the stunting of Mdney growth 
and body weight will be regarded as only tentative. 

The changes in proportion of ceil types in the cretin rat pituitaiy 
do not prevent the growth of adrenals and gonads in the male. 

The present experiments concern only rats. There are apparentlj' 
species differences in the reaction of the pituitary to tlijToidectomy, 


Experimental Efforts to Detect Secretion of Inulin by the Tubule 
of the Mammalian Kidney.— P. A. Bott, B. B. Westfall, and A. N. 
Eichards (Laboratory of Pharmacology, University of Pennsylvania). 
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Earlier work by the authors, by Smith and Shannon and by Van Slyke 
and collaborators has furnished basis for the lielief that inulin, injected 
intravenously into mammals, is excreted by the kidney solely by glo- 
merular filtration. Further evidence concerning the possibility, that 
inulin is in part secreted by the mammalian tubule was desired. In a 
variety of experiments with dogs and rabbits, inulin was added to blood 
which flowed through the renal vessels at pressures low enough to pre- 
vent glomerular filtration. After varied intervals normal blood con- 
taining no inulin was substituted at high pressure and a specimen of 
urine collected. Only traces of inulin w^ere found in it. In every experi- 
ment to the inulin-blood was also added one of those substances which 
are now believed to be secreted into the urine by the tubule (phenol 
red, neutral red or diodrast). Each of these urns found in the urine in 
relatively large amounts. Hence under conditions ivhich permit tubular 
secretion of phenol red and other substances, inulin is not secreted by 
the mammalian tubule. 


On the Nature of Intestinal Absorption of Amino Acids. — Rudolf 
Hober and Josephine Hober (Laboratory of Phj^siology, University 
of Pennsylvania) . By a number of investigations it has been established 
that a good many organic substances — provided that they are lipoid- 
insoluble— enter cells and tissues the more rapidly, the smaller the 
volume of their molecules (m.v.). An interesting exception to this rule 
has been disclosed in comparing the entrance of amino acids into 
physiologic structures with that of other solutes of similar molecular 
volume. It appeared that the amino acids pass through the sui’face of 
cells and tissues, e. g., the surface of red cells or of muscles, ’ with 
remarkable slovmess. 

This striking behavior can be explained on a purely physicochemical 
basis. Experiments on the diffusion of a number of organic substances 
across collodion membranes have shorvii that the amino acids similarly 
penetrate these artificial membranes at a slower rate than Avould be 
concluded from their molecular size. The reason is that the “ zwitter- 
ions” of the amino acids are strong electric dipoles, which, exerting a 
pull on the surrounding water dipoles, form a water shell preventing 
them from moving at the expected higher rate. 

Then we became aware of still another irregular behavior of the amino 
acids when we studied their penetration of the intestinal wall of the 
rat. However, here the observed rates of absorption have not been 
found to be too low, but, on the contrary, they are much higher than 
physicochemically demanded. For instance, in comparing the absorp- 
tion of some amids differing in their m.v., the intestine reveals the 
pioperties of an inert diffusion membrane, where penetration occurs 
paiallel to the diffusibility of the solutes, e. g., succinamid m.v. 126, 
per cent absorbed 3; lactamid m.v. 98, per cent absorbed 52; acetamid 
m.v. G9, per cent absorbed 78. 

Ihe behavior of amino acids is strikingly different, c. g., the m.v. of 
alanm and malonamid seem to be nearly the same, 98 and 104, but, due 
to the shell of water dipoles, the effective volume of alanin is by far 
t le greater. Consequently, one wmuld expect the absorption rate of 

nor opposite is true: alanin 

per cent abso^ed o9, malonamid 26. Or; succinamid m.v. 126, per 
cent absorbed 9, asparagin m.v. 134, per cent absorbed 46. 
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On the basis of these and other statements we arrive at the result 
that, as regards their intestinal absorption, the amino acids are privil- 
eged in a similar manner as, according to former experiences, some 
hexoses are. 


Absorption of Glucose from the Human Small Intestine.— W. O.sler 
Abbott, W. G. Karr, and T. Grier Miller (Gastro-intestinal Sec- 
tion of the Medical Clinic, Hospital of the University of Pennsylvania). 
In studying the absorption of simple sugars certain steps in the process 
hai'e been neglected. One of these is the relationship betiveen the con- 
centration of the glucose in the stomach and that in the intestine. Data 
are presented to show that, irrespective of the volume or the glucose 
concentration of the solution ingested, the concentrations found in the 
jejunum and ileum range from 0 to 5%. This confirms in man observa- 
tions previouslj' made in animals. The fall in concentration between 
the gastric carflia and the jejunum has been studied by using two multi- 
lumened tubes through which sets of specimens could be simultaneously 
aspirated from fi\'e selected points in the stomach and duodenum at 
stated intervals. Analyses show a wide j-ange of concentration at these 
points but rarely more than 5.4% of glucose in specimens from near 
the ligament of Treitz. Further data show that a very rapid inflow 
of fluid occurs from the walls of the stomach and duodenum. This in 
conjunction with the predominantly segmental rather than peristaltic 
action of the duodenum accounts for the sharp fall in concentration by 
which the small intestine, even as close as 30 to 40 cm. from a stomacli 
containing strongly hypertonic glucose, is provided with a relatively 
isotonic solution. Feeling from these studies that the normal glucose 
concentration of intestinal contents is below 5.4% (isotonic), we made 
absorption studies in segments of jejunum and ileum isolated bj' dis- 
tended balloons. Placing 50 cc. volumes of 0.67 to 5.4% glucose solu- 
tions in these segments for 1 5-minute intervals, then emptying and wash- 
ing with saline, the amount of glucose absorbed could be determined. 
The results show that the amount of absorption increases with the 
concentration. 
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